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Chapter  1 


INTRODUCTION 


Overview 

The  Department  of  Defense  (DOD)  systems  acquisition 
process  is  an  important  element  of  national  policy  (48:1). 
The  systems  acquisition  process  is  defined  as: 

The  sequence  of  activities  starting  with  recon- 
ciliation of  mission  needs  and  goals  with  capabili- 
ties , priorities,  and  resources  and  extends  through 
the  introduction  of  a system  into  operational  use 
or  the  otherwise  successful  achievement  of  program 
objectives  [20:33. 

This  definition  does  not  consider  the  much  broader 
role  of  systems  acquisition  in  achievement  of  national 
goals.  Secretary  of  Defense  Harold  S.  Brown  stated  the 
purpose  of  the  acquisition  process  is  to  translate  our 
technological  and  productive  capacity  into  effective 
military  posture.  Several  actions  he  cited  to  achieve 
this  goal  were  planning  mission  area  needs , strengthening 
the  domestic  industrial  base,  and  utilizing  the  full  tech- 
nological and  industrial  power  of  the  National  Atlantic 
Treaty  Organization  (NATO)  (68: 307-308).  In  this  larger 
sense,  the  national  government  acts  to  promote  the  welfare 
of  people  of  the  United  States  and  support  the  welfare  of 
its  allies  in  its  role  as  a world  power.  In  essence , the 
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systems  acquisition  process  provides  the  "bridge  between  the 
national  defense  industry  and  the  United  States'  defense 
force.  This  force  not  only  protects  the  United  States  and 
its  interests  throughout  the  world  but  also  lends  credible 
strength  to  the  forces  of  United  States  allies,  either 
through  direct  presence  or  allocation  of  weapon  systems  to 
allied  forces  (68:1-4). 

Because  the  systems  acquisition  process  is  used  to 
satisfy  several  national  goals  and  tahes  a significant  share 
of  the  Federal  budget  , it  continually  challenges  top 
government  executives'  abilities  to  develop  consistent  and 
effective  policy. 

Problem  Analysis 

The  difficulties  involved  with  implementing  effec- 
tive policy  were  noted  in  many  reviews  and  criticisms  of  the 
policies  relative  to  the  DOD  systems  acquisition  process. 
Many  of  the  recommendations  offered  by  these  studies  have 
not  provided  the  anticipated  benefits  (26:1). 

For  example,  in  the  1950s  the  length  of  time  to 
design  and  develop  a weapon  system  was  considered  too  long. 


^In  FT  79,  $12.6  billion  is  budgeted  for  Research, 
Development,  Test  and  Evaluation.  This  is  approximately 
ten  percent  of  the  total  DOD  budget , but  does  not  include 
the  portion  of  the  acquisition  process  that  is  funded  in 
Procurement  Appropriation  or  Personnel  Costs  (68:15). 
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In  order  to  shorten  the  time  schedule,  the  concept  of  con- 
currency wa3  instituted.  Concurrency  called  for  overlapping 
several  design  and  development  functions  which  were 
previously  accomplished  sequentially.  Concurrency  resulted 
in  numerous  system  integration  problems  and  redesigns , which 
ultimately  drove  up  the  total  acquisition  cost.  To  reverse 
this  trend  of  rising  ':osts , Total  Package  Procurement  was 
instituted.  This  concept  set  a fixed  price  for  the  design, 
development,  engineering  and  production  of  weapons  systems 
and  was  implemented  with  the  C-5A  cargo  aircraft.  The 
results  were  not  successful,  as  costs  rose  rather  than 
decreased.  Historical  analysis  indicates  the  "real"  problem 
was  not  cost  overruns  but  poorly  defined  requirements  (26:6). 

This  story  has  been  repeated  several  times  in  the 
systems  acquisition  process.  It  indicates  management's 
difficulty  in  determining  the  real  problems  or  the  impact 
of  proposed  solutions  to  these  problems  (26:'!0).  Forrester 
(25)  indicated  this  behavior  was  common  to  many  complex  and 
dynamic  systems.  Outcomes  of  policy  decisions  often  lead  to 
■unexpected  results.  Decision-makers  work  with  a mental 
image  of  the  system  structure  which  includes  the  processes 
and  problems  which  affect  their  Jobs.  These  images  are 
based  primarily  on  intuition  and  human  Judgement.  This 
frequently  leads  to  incorrect  decisions  regarding  complex 
systems. 
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Problem  Statement 


The  counter-intuitive  behavior  of  many  social  sys- 
tems creates  a need  for  more  formal  analysis  of  the  policy 
decisional  structure.  The  complex  and  dynamic  nature  of  the 

systems  acquisition  process  makes  it  difficult  for  strategic 
2 

management  to  determine  the  effect(s)  of  policy  decisions 
prior  to  policy  implementation.  Given  this  major  problem, 
two  secondary  problems  result: 

1.  The  behavior  of  the  entire  systems  acquisition 
process  is  not  fully  understood  by  DOD  management;  and 

2.  Management  does  not  have  the  tools  to  understand 
the  acquisition  process  or  measure  the  impact  of  its  policy 
decisions. 

Research  Question 

In  order  to  address  the  problems  stated  above , the 
following  question  provided  purpose  and  direction  to  this 
research. 


2 

Strategic  management  is  the  most  current  term 
to  describe  top  corporate  policy  making  in  private 
and  public  organizations.  Strategic  management  is 
concerned  with  the  long-range  goals  of  an  organiza- 
tion and  with  the  appropriate  course  or  courses  of 
action  to  achieve  them,  considering  environmental 
conditions , available  resources , and  degree  of  risk 

C75*1]. 
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Gan  a policy  model  be  developed  to  capture  the 
behavior  of  the  systems  acquisition  process  and  serve  as  a 
vehicle  to  study  changes  in  acquisition  policy? 

The  concept  of  policy  modeling  is  addressed  by 
Forrester  (22).  The  technique  requires  a systematic 
approach  to  studying  the  system  structure  and  relationships 
which  link  management  goals  and  decisions  to  actions.  The 
purpose  of  a policy  model  is  to  make  the  decision  structure 
explicit.  The  result  of  this  modeling  provides  a tool  to 
assist  management  in  determining  the  behavior  and  response 
of  the  system  through  experimentation  with  policy  situa- 
tions , issues,  and  changes  prior  to  implementation  of  policy 
in  the  read  system. 

Objectives 

The  general  objectives  of  this  research  were  to 
develop  a conceptual  understanding  of  the  complex,  dynamic 
nature  of  the  acquisition  process,  and  subsequently,  develop 
a computerized  policy  model  which  reflects  the  structure  of 
this  process. 

The  specific  objectives  established  to  conduct  the 
research  included: 

1.  identify  the  structure  of  the  systems  acqui- 
sition process; 

2.  isolate  the  interactions  and  influence  of  the 
components  :nd  variables  within  the  system; 
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3.  describe  the  decision  structure  that  determines 
the  information,  money,  and  material  flows  within  the 
system; 


4.  construct  a mathematical  model  which  represents 
the  components,  relationships,  information  flows,  and 
decisional  policies  of  the  system; 

3.  develop  a computerized  model  which  can  he  used 
for  policy  analysis  and  development; 

6.  verify  and  validate  that  the  model  represents 
the  structure  and  decision-making  process  within  the  systems 
acquisition  process; 

7.  identify  areas  of  sensitivity  or  critical  issues 
in  acquisition  policy;  and 

8.  suggest  changes,  if  required,  in  the  management 
structure  of  the  systems  acquisition  process. 


Justification  of  Research 

Many  recent  sources  have  recognized  the  need  for 
talcing  a systems  approach  to  the  acquisition  process  to 
better  understand  the  behavior  of  this  system. 

In  response  to  the  Federal  Procurement  Institute's 
(currently  Federal  Acquisition  Institute)  desire  for  a 
conceptual  model  of  the  acquisition  process , Lawson  and 
Osterhus  began  to  develop  such  a model.  The  results  of 
their  research  provided  a broad  conceptual  model  of  the 
acquisition  process.  Their  recommendations  included  a call 
for  further  research  in  order  to  develop  a complete  system 
dynamics  model  (40:117). 

Another  advocate  of  further  research  is  Robert  F. 
Coulam.  In  his  book,  Illusions  of  Choice,  he  called  for 
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studies  to  understand  the  influence  and  behavior  of  the 
total  acquisition  system,  to  identify  sensitive  areas  and 
trends,  and  to  assist  in  developing  policies  for  reform  and 
improvement  (15: 389). 

Finally,  Secretary  of  Defense  Harold  Brown  stated 
that  attention  was  being  focused  on  management  and  policy 
functions  of  the  systems  acquisition  process  to  ensure 
effective  transformation  of  the  limited  resources  into  use- 
ful output  products.  In  a major  departure  from  past  pro- 
cedures, he  has  consolidated  all  functions  relating  to 
acquisition  in  the  Office  of  the  Deputy  Under  Secretary  for 
Acquisition  Policy  (68:311).  This  move  indicates  that  the 
problems  of  the  acquisition  process  have  not  disappeared, 
and  that  a more  aggregate  approach  should  be  taken  to 
identify  the  structure  of  the  acquisition  process  and 
recommend  improvements. 

Scope 

This  research  develops  a policy  model  of  the  DOD 
systems  acquisition  process.  The  research  focuses  on  the 
major  structural  and  decision-making  elements  which  exist 
over  time,  rather  than  on  the  detailed,  day-to-day  opera- 
tions of  the  system.  This  macro  approach  is  consistent  with 
the  basic  concepts  of  policy  modeling.  The  model  is 
intended  to  provide  increased  understanding  of  the  basic 
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system  behavior  and  can  he  used  to  assist  DOD  managers  in 
policy  development  and  analysis. 

Presentation  Approach. 

The  presentation  of  the  research  generally  follows 
the  sequence  of  activities  discussed  in  the  research  objec- 

r 

tives.  Chapter  2 develops  the  concept  of  policy  within  the 
systems  acquisition  process  and  introduces  the  reader  to 
policy  modeling  for  complex  systems. 

The  methodology  used  in  this  research  is  outlined  in 

A 

Chapter  3.  The  specific  approach  to  this  research  effort  is 
discussed  in  the  first  section  of  Chapter  3.  A system 
dynamics  application  of  policy  modeling  is  presented  in  the 
second  part  of  Chapter  3.  Readers  who  are  familiar  with 
system  dynamics  modeling  may  wish  to  omit  this  section. 

The  conceptual  model  of  the  systems  acquisition 
process  is  developed  in  Chapters  4 and  5.  Chapter  4 con- 
tains the  verbal  descriptions  of  the  system  relationships 
and  major  issues  relative  to  the  acquisition  process. 

Chapter  5 contains  the  flow  diagrams  and  equations  which 
were  developed  into  the  computerized  system  dynamics  model. 
Based  on  these  results  and  insights  gained  throughout  the 
research  conduct,  a summary,  conclusions  and  recommendations 
are  contained  in  Chapter  6. 
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Chapter  2 


LITERATURE  REVIEW 


Introduction 

The  search  for  pertinent  information  related  to  this 
research  effort  was  directed  along  two  distinctive  lines: 
the  policy-making  process  for  systems  acquisition  and  the 
tools  available  for  problem  solving.  The  following  sections 
in  this  chapter  will  address  these  topics  individually  and 
show  how  each  contributes  to  the  overall  purpose  of  a model 
of  the  systems  acquisition  process. 

Policy  Making 

A general  understanding  of  policy  making  is  neces- 
sary before  a policy  model  of  the  acquisition  process  can 
be  developed.  Policy  can  be  defined  as: 

...  a definite  course  or  method  of  action 
selected  from  among  alternatives  and  in  light  of 
given  conditions  to  guide  and  determine  present 
and  future  decisions  [72:656]. 

In  this  sense,  policy  is  a decision  rule  applied  to  select 

a particular  course  of  action  from  the  "options  or  means 

available  to  a decision-maker,  by  which,  it  is  hoped,  the 

objectives  can  be  attained  [49:47]." 

Unfortunately,  objectives  are  not  always  clear  and 
the  conditions  surrounding  the  decision  may  be  clouded  by 
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multi-faceted  issues  and  conflicting  forces.  Thus,  effec- 
tive policy  mailing  is  extremely  difficult,  especially  at 
the  strategic  level  of  management.  Intuition,  judgment  and 
experience  have  long  "been  the  tools  of  management  at  the 
strategic  level.  Many  times,  however,  these  tools  are 
quite  unreliable  for  anticipating  the  dynamic  behavior  of 
complex,  multi-dimensional  management  processes  (21:99). 

Despite  the  dynamic  and  complex  nature  of  strategic 
level  policy,  Forrester  claims  that  strategic  level  policy 
mahing  could  be  understood  if  a formal,  deliberate  approach 
were  taken  to  discover  the  true  "guiding  policy".  He 
defined  guiding  policy  as  that  process  which  captures  the 
real  nature  of  the  decision-making  framework  within  the 
total  environment.  Policy  modeling  is  an  excellent  means 
to  reflect  the  behavioral  aspects  of  the  decision-making 
process  (21:96-101). 

The  Acquisition  Process 

In  order  to  capture  the  guiding  policy  of  the 
acquisition  process , the  role  of  the  process  within  the 
DOD  and  national  policy  must  be  established.  The  acqui- 
sition process  is  a major  function  in  the  DOD  which  has 
been  used  to  facilitate  achievement  of  various  national 
goals  (4:81).  Pressure  for  social  programs  within  the  last 
decade  resulted  in  competition  between  national  security 
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and  social  welfare.  Despite  the  reduced  percentage  of  the 
total  "budget  allocated  to  the  DOD,  defense  spending  con- 
tinues to  "be  a major  determinant  in  fiscal  policy  (48:1,233). 
For  the  fiscal  year  1979,  the  USAF  "budget  contains  $15.2 
billion  (66:107)  in  acquisition  related  appropriations. 

This  "budget,  once  executed,  creates  jots  within  the  DOD  and 
the  defense  industry,  stimulates  technology,  and  contributes 
significantly  to  the  Gross  National  Product  and  general 
economic  growth  (7:1-2). 

DOD  policy  for  acquiring  major  systems  is  contained 
in  DOD  Directive  5000.1  (69).  The  Secretary  of  Defense  is 
responsible  for  designating  systems  which  must  follow  the 
policy  contained  in  DODD  5000.1;  however,  managers  of  other 
acquisition  programs  are  encouraged  to  use  this  directive 
to  guide  policy  decisions.  The  acquisition  process  is 
broken  down  into  distinct  phases  starting  with  the  identi- 
fication of  mission  need  and  finishing  when  production  is 
complete.  In  order  to  proceed  from  one  phase  to  the  next, 
Secretary  of  Defense  approval  is  required.  These  approval 
points  sire  called  milestones  and  are  preceded  by  compre- 
hensive reviews  within  the  services  and  finally  by  the 


A 

Programs  with  anticipated  cost  of  $75  million  for 
research,  development,  test  and  evaluation  or  $300  million 
in  production  are  considered  for  designation  as  major 
system  acquisition  (69:5). 
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Defense  Systems  Acquisition  Review  Council  (DSlARC).  The 
sequencing  of  the  process,  decision  points,  and  key  elements 
which  affect  systems  acquisition  are  shown  in  Figure  2-1. 

Although  the  ma^or  decisions  are  made  hy  the 
Secretary  of  Defense,  program  management  responsibilities 
are  delegated  to  the  Services.  DODD  5000.1  also  provides 
guidance  to  the  Services  concerning  the  evaluation  of  need 
for  systems , the  interface  with  industry  and  educational 
institutions , and  the  type  of  program  management  (69:5-10). 

DODD  5000.2  supplements  DODD  5000.1  hy  providing 
the  decision-making  framework  and  reporting  requirements 
that  surround  each  of  the  four  milestone  reviews  hy  the 
Secretary  of  Defense  (70).  Although  these  two  directives 
provide  the  largest  part  of  official  acquisition  policy, 
many  other  DOD  publications  contain  policies  dealing  with 
specific  functional  areas  of  acquisition.  DODD  5000.1 
contains  26  references  to  other  policy  regulations  concerned 
with  various  types  or  phases  of  systems  acquisition.  The 
diffusion  of  policy  is  even  more  apparent  at  the  Service 
level  where  countless  regulations  provide  guidance  on  seg- 
ments of  the  acquisition  process.  In  1971,  Tor  example,  an 
officer  associated  with  the  P-15  fighter  aircraft  acquisi- 
tion claimed  there  were  over  1,282  directives  which  applied 
to  various  phases  of  the  weapon  systems  acquisition  process 
(26:14). 
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EVOLVING  THREAT 


In  addition  to  the  official  policy,  several  other 


guidelines  address  the  DOD  acquisition.  Two  documents 
published  within  the  last  five  years  provided  a fairly 
broad  but  thorough  analysis  of  particular  aspects  of  the 
acquisition  process. 

The  General  Accounting  Office  (GAO)  issued  a report 
(7"l  ) to  serve  as  a guideline  for  identifying  the  key 
agencies  and  functions  of  the  acquisition  process.  Although 
limited  to  only  the  early  phase  of  the  acquisition  process 
recognized  by  DOD,  the  report  provided  insight  into  the 
much  broader  scope  of  the  acquisition  process  by  addressing 
the  roles  of  the  President , National  Security  Council , 
Intelligence  Community,  Joint  Chiefs  of  Staff,  Secretary  of 
Defense,  and  the  Services.  Additionally,  the  report  pro- 
vided a description  of  the  process,  insight  into  the 
influencing  factors,  and  interrelationships  between  the  key 
participants.  The  major  deficiency  of  the  report  was  that 
it  did  not  identify  problems  or  sensitive  areas  which  could 
be  improved. 

The  second  general  guide  to  acquisition  was 
J.  Ronald  Pox's  Arming  America  (26).  Pox  presented  a 
procurement  view  of  the  acquisition  process  and,  like  the 
GAO  Report,  described  the  roles  of  major  government  agencies. 
Pox  also  analyzed  the  defense  industry  and  marketplace  and 


provided  a long  list  of  acquisition  problems  with,  recom- 
mended solutions.  Many  of  these  will  be  noted  later. 

Both  reports  contributed  significantly  to  the 
knowledge  about  the  acquisition  process.  However,  both 
documents  failed  to  address  the  dynamic  nature  of  the 
acquisition  process. 

Evolution  of  Acquisition  Policy 

DODD  5000.1  was  the  result  of  25  years  of  changing 
philosophies,  needs  and  reforms  to  the  acquisition  process. 
Several  categories  which  were  the  focal  points  of  problem 
areas  and  reforms  have  been  addressed  continually  through- 
out the  evolution  of  the  acquisition  process.  These  primary 
areas  included  the  technological,  financial,  contractural , 
and  managerial  aspects  of  the  DOD  systems  acquisition  pro- 
cess. In  addition,  the  Defense  marketplace  relationship 
with  DOD  and  its  role  in  the  national  industrial  base  was 
also  addressed. 

During  the  1950s  and  early  1960s,  the  acquisition 
process  emphasized  technical  performance  and  short  produc- 
tion schedules  in  order  to  meet  the  Soviet  threat  in  the 
Cold  War.  Concurrency  was  the  acquisition  strategy  used 
to  provide  a rapid  buildup  of  weapons  to  counter  the  Soviet 
missile  threat.  The  1950s  era  was  characterized  by  poorly 
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defined  requirements,  cost  growth,  poor  performance,  dupli- 
cation and  overlap  of  programs  among  the  Services,  and  high 
turnover  of  personnel  (6:68). 

As  a result  of  extensive  research  efforts  by  DOD, 
Congress  and  civilian  researchers  concerning  the  economic 
aspects  of  the  weapon  systems  acquisition  process,  many 
reforms  were  instituted  in  management,  training,  performance 
of  contracts,  and  accountability  within  the  DOD  (6:69). 
Secretary  of  Defense  Robert  McNamara  sought  to  reverse  the 
trend  towards  increasing  costs  of  acquisition  by  improving 
program  planning  and  selection,  instituting  innovative 
management  and  contracting  technology,  and  reforming  the 
budgeting  process.  Secretary  McNamara  was  well  known  for 
the  successful  implementation  of  the  Planning,  Programming 
and  Budgeting  System  (PPBS).  PPBS  centralized  financial 
management,  increased  planning  efforts,  and  emphasized 
management  aspects  of  acquisition. 

After  several  years  of  sustained  effort,  how- 
ever, serious  cost,  schedule,  and  technical 
performance  problems  continued  to  disrupt  the 
acquisition  process  [26:2]. 

The  C-5A  cargo  aircraft  and  P-111  fighter  aircraft 
programs  were  products  of  the  McNamara  era.  Total  Package 
Procurement  was  a major  disaster  on  the  C-5A.  Prime 
contractor  costs  rose  so  significantly  that  the  C-5A 
fixed-price  contract  was  amended  to  cover  a projected  $500 
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million  loss.  However,  cost  was  a minor  problem  when  com- 
pared to  the  technical  difficulties  with  cracks  in  the 
aircraft's  wings  (26:3-4-). 

In  late  1969,  two  promising  actions  were  taken 
towards  acquisition  reform.  First,  the  Blue  Ribbon  Defense 
Panel  was  commissioned  by  Secretary  of  Defense  Melvin  Laird 
in  July  1969.  The  purpose  of  the  panel  was  to  examine  very 
broad  areas  related  to  defense  acquisition  and  management. 
Second,  the  Commission  on  Government  Procurement  was  created 
by  Congress  in  November  1969  to  study  and  recommend  methods 
of  improving  procurement  (32:3-4-).  These  studies  were  con- 
sidered to  be  the  first  systems  approaches  taken  to  inves- 
tigate the  acquisition  process. 

The  results  of  the  Blue  Ribbon  Defense  Panel  were 
disappointing,  since  the  panel  did  little  more  than  restate 
obvious  facts  and  provided  few  new  recommendations  for 
improvement.  The  Panel  did  point  out  several  noteworthy 
items:  requirements  determination  was  unstructured  and 
uncoordinated,  the  Office  of  Secretary  of  Defense  decision 
process  lacked  any  meaningful  review,  and  the  program 
manager  had  no  clearly  defined  responsibility  (32:4-). 

Other  findings  included  a lack  of  training  and  continuity 
in  the  program  management  task  and  a complex  bureaucratic 
source  selection  process  which  hindered  making  timely, 
objective  decisions  (26:191,270).  As  Fox  stated: 
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While  the  panel  successfully  identified  several 
problem  areas  in  the  procurement  process,  their 
report  did  not  explain  why  previous  recommendations 
along  the  same  lines  have  never  been  successfully 
implemented.  Many  procurement  officials  in  the 
Defense  Department  are,  after  all,  aware  that  the 
present  system  has  faults.  But  despite  a steady 
succession  of  studies  and  recommendations , the 
procurement  process  has  remained  impervious  to 
structural  reform  [26:4-57]. 

The  second  study,  the  Commission  on  Government 
Procurement,  looked  at  procurement  in  broad  terms  to 
identify  consequential  problems  instead  of  focusing  on 
the  surface  issues.  The  Committee's  work  was  summarized 
in  12  major  recommendations  which  formulated  a systems 
approach  to  improve  the  acquisition  system.  These  12 
points  could  be  summarized  in  four  basic  aims: 

1.  Establish  a common  framework  for  all  involved 
organizations  to  have  a common  set  of  procedures; 

2.  Define  the  role  each  organization  must  play; 

3.  Give  Congress  and  agency  heads  the  needed 
information  to  make  key  decisions;  and 

4.  Improve  the  means  for  public  accountability 
rather  than  have  a burdensome  administrative  reporting  and 
surveillance  procedure  (6:92). 


Recent  Reports 

Since  the  Committee  on  Government  Procurement's 
final  report  in  1972,  the  GAO  has  monitored  the  progress 
towards  implementation  of  the  recommendations.  Of  the  57 
recommendations  calling  for  legislation,  only  seven  have 
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"become  law,  21  are  pending,  and  29  have  not  "been  acted  upon 
(51:4—  5).  Progress  has  "been  slow. 

One  of  the  most  positive  actions  is  the  implemen- 
tation of  Office  of  Management  and  Budget  (OMB)  Circular 
A-109,  Major  Systems  Acquisition,  and  the  formation  of  the 
Office  of  Federal  Procurement  Policy  (OFPP),  both  off-shoots 

/ 

of  the  Commission  on  Government  Procurement.  OMB  Circular 
A-109  has  received  affirmative  response  from  the  DOD, 

Congress,  and  the  defense  industry.  The  basic  principles  ’ 

found  in  OMB  Circular  A-109  are: 

1.  Validated  Mission; 

2.  Comparison  of  Alternative  Systems; 

3.  Reliance  on  the  Private  Sector; 

4.  Maintenance  of  Competitive  Opportunity; 

5.  Integrated  Government  Action;  and 

6.  Equation  of  Authority  and  Responsibility 

(51:6). 

The  basic  intent  of  OMB  Circular  A-109  was  incor- 
porated into  the  1977  revision  of  DODD  5000.1.  However, 
the  reform  is  not  without  critics.  Major  points  for 
concern  are  in  the  area  of  research  and  development  funding 
(34:2),  extended  production  leadtime  (9:7;  52:4),  and  loss 
of  flexibility  as  bureaucratic  implementation  procedures 
are  formulated  (51:8). 
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Additional  concern  was  addressed  by  the  Defense 
Science  Board  Task  Force  on  the  acquisition  cycle.  Their 
report  focused  on  the  lengthening  "front  end"  of  the 
acquisition  process.  They  concluded  that  the  system  was 
highly  structured,  costly,  and  lacked  the  sense  of  urgency 
for  acquiring  or  modifying  weapon  systems  for  national 
defense.  Their  recommendations  included  a flexible  imple- 
mentation of  OMB  A-109  with  special  emphasis  on  reconciling 
mission  requirements,  and  priorities  with  resource  con- 
straints (17). 

The  recent  policy  changes  in  DODD  5000. 1 and  OMB 
Circular  A-109  appear  to  be  in  the  right  direction.  However, 
many  authorities  still  recognize  a resistance  of  the  acqui- 
sition process  to  respond  to  reform.  A recent  GAO  report 
stated  that  major  acquisitions  at  completion  cost  72  per- 
cent more  than  the  initial  estimates.  Technical  diffi- 
culties, inflation,  faulty  planning,  poor  management  and 
poor  cost  estimating  were  offered  as  major  causes  of  cost 
growth  (70:1). 

Why  do  the  same  problems  recycle?  Why  do  new 
problems  appear  as  the  result  of  "fixes"  to  old  problems? 
Perhaps  the  "real"  problems  are  not  really  understood. 

Coulam  offered  an  explanation  for  the  recurrences  of  problems 
by  indicating  the  chosen  solutions  have  failed  to  evaluate 
all  the  influences  of  the  process  (15:5). 
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Ooulam  used  two  paradigms  to  explain  the  acquisition 
process.  The  first  paradigm  is  the  analytical  or  "Rational 
Man".  This  concept  assumes  that  Man  has  complete  infor- 
mation in  the  decision-making  environment  and  selects  the 
alternative  which  provides  the  highest  payoff.  Goulam 
noted  that  despite  the  inapplicability  of  the  Rational  Man 
concept  to  many  real  situations,  it  is  continually  used  to 
make  policy  decisions  and  develop  plans  (15:6). 

The  second  paradigm  is  the  cybernetic  model.  This 
approach  recognizes  that  Man  is  not  perfect.  Man  does  not 
have  or  seek  complete  information  and  filters  the  information 
he  receives.  One  of  the  reasons  offered  for  the  cybernetic 
paradigm  was  that  individuals  and  organizations  cannot  deal 
with  complex  problems.  Therefore,  the  problems  are  broken 
down  into  smaller  pieces  (15:25-27).  This  fragmented,  but 
highly  structured  approach  leads  to  suboptimization  at  lower 
levels  of  the  organization  and  places  an  enormous  integrative 
responsibility  on  the  strategic  levels  of  the  organization. 
The  complexity  of  this  integrative  process  simply  furthers 
ambiguity  in  the  management  process  (15:338). 

The  close  of  Coulam's  book  paints  a gloomy  picture 
for  the  future.  However,  despite  this  prediction,  he  called 
for  reform  of  the  total  acquisition  process  after  the 
behavior  of  the  system  is  fully  understood: 
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It  is  folly  to  speak:  of  reforming  the  acqui- 
sition process  without  understanding  the  influence 
and  behavior  of  the  many  organizations  to  be  changed, 
yet  in  fact  reform  efforts  have  been  forced  to  pro- 
ceed without  much  detailed  understanding.  Partially 
as  a result,  past  reform  efforts  have  concentrated 
on  the  manipulation  of  conspicuous  summary  features 
of  the  process,  like  contract  types,  which,  our 
study  and  others  suggest,  are  not  likely  to  be 
fruitful  avenues  of  reform.  Successful  reform  will 
require  sensitivity  to  complex  details  of  behavior 
in  the  acquisition  process.  Future  studies  can  aid 
reform  efforts  by  providing  knowledge  of  these 
details  [1>:389 ]. 

Lorette  suggested  a means  to  study  the  acquisition 
process  to  -uncover  the  true  nature  and  behavior  of  the 
process.  He  called  for  a new  and  different  approach  in 
determining  the  style  and  conceptual  relationships  that 
encompass  the  acquisition  process.  He  recommended  the 
scope  of  the  research  include  the  basic  philosophy  of 
government  and  democracy,  the  political  and  economic 
systems,  in  addition  to  areas  traditionally  considered  as 
part  of  the  DOD  systems  acquisition  process  (43:6).  In 
essence,  Lorette  suggested  a systems  approach  to  the  acqui- 
sition process.  The  next  section  contains  a discussion  of 
a means  to  apply  the  systems  approach  to  the  acquisition 
process:  system  dynamics  modeling. 


System  Dynamics  Modeling 

Overview.  The  quest  for  a methodology  to  solve  complicated 
problems  has  always  been  a major  objective  of  man.  Through- 
out history  several  methods  have  evolved  to  better  solve 


22 


problems . Prior  to  the  seventeenth  century,  man  attempted 
to  solve  problems  almost  entirely  by  deductive  methods. 
Philosophers  such  as  Plato,  Aristotle,  and  Euclid  sought 
to  solve  complex  problems  by  drawing  analogies  from  every- 
day life  experiences.  This  method  often  yielded  erroneous 
results  (47:4—5). 

In  the  seventeenth  century,  English  philosopher 
and  scientist  Sir  Erancis  Bacon  led  a movement  toward  a 
more  structured  scientific  approach.  In  his  book,  Novum 
Organum , Bacon  proposed  a method  for  observation  and  logical 
deduction  which  allowed  man  to  solve  problems  more  effec- 
tively. This  method  embodied  four  steps: 

1.  Observe  a physical  system; 

2.  Eormulate  a hypothesis  that  attempts  to 
explain  the  observations; 

3.  Predict  the  behavior  of  the  system  based 
on  the  hypothesis  by  using  mathematical  or  logical 
deduction;  and 

4.  Perform  experiments  to  test  the  validity  of 
the  hypothesis  (47:5)* 

Beer  advocated  use  of  the  scientific  method  to  solve 
problems;  however,  he  stated  that  many  times  the  wrong 
problems  are  solved  because  the  boundaries  of  the  system 
did  not  encompass  the  whole  problem  (3:50,92).  The  systems 
approach  provides  a vehicle  to  expand  the  boundaries  to 
include  the  entire  system  environment. 

Russell  Ackoff  describes  the  approach  as  follows: 
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The  systems  approach  to  problems  focuses  on 
systems  taken  as  a whole,  not  on  their  parts  taken 
separately.  Such  an  approach  is  concerned  with 
total-system  performance  even  when  a change  in 
only  one  or  a few  of  its  parts  is  contemplated 
because  there  are  some  properties  of  systems  that 
can  only  be  treated  adequately  from  a holistic 
point  of  view.  These  properties  derive  from  the 
relationships  between  parts  of  systems:  how  the 
parts  interact  and  fit  together  [1:27] 

Churchman  adds  to  Ackoff's  description  by  including 
considerations  for  the  management  and  resource  subsystems 
which  affect  the  performance  of  the  components  and  the 
entire  system  (12:29-30).  The  systems  approach  has  become 
a critical  part  of  contemporary  management  science  models 

(1:27). 


Models  for  Complex  Systems 

The  term  model  is  used  to  denote  "a  simplified 
representation  or  abstraction  of  reality  [63:19]."  In 
this  context , any  system  used  to  aid  a manager  in  decision- 
making can  be  considered  a model. 

Planners  deal  continuously  with  models  .... 

They  may  not  be  aware  that  they  are  using  a model, 
and  their  models  are  not  necessarily  correct.  They 
are  simply  constructs  to  substitute  in  our  thinking 
for  the  real  system  that  is  being  represented  [47:8], 

In  Industrial  Dynamics  Porrester  stated  management 
science  has  developed  a number  of  models  to  assist  managers 
in  solving  problems;  however,  few  of  these  techniques 
provide  a basis  for  dealing  with  complex  problems  of 
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strategic  management.  Much,  of  management  science's  achieve- 
ments have  dealt  with  the  lower  levels  of  the  management 
structure  (21:3).  He  challenged  the  future  manager  to 
improve  his  ability  to  handle  major  problems  at  the  strategic 
level  of  management.  To  do  this,  Forrester  prescribed 
system  dynamics — a simulation  modeling  approach.  This 
technique  combined  the  systems  approach  to  complex,  dynamic 
management  situations  with  the  capabilities  of  digital 
computers.  It  provided  a single  framework  for  integrating 
the  functional  areas  of  management  and  offered  a vehicle  to 
determine  how  information  and  policy  create  the  character 
of  an  organization.  In  essence,  system  dynamics  models  are 
"management  laboratories"  (21:vii). 

The  basic  premises  of  the  system  dynamics  technique 

are: 


1 . Decisions  in  management  and  economics  take 
place  in  a framework  that  belongs  to  the  general  class 
known  as  information-feedback  systems. 

2.  Intuitive  judgment  is  unreliable  about  how 
these  systems  will  change  with  time,  even  with  a good 
knowledge  of  the  individual  parts  of  the  system. 

3.  Model  experimentation  is  now  possible  to  fill 
the  gap  where  judgment  and  knowledge  are  weakest — by 
showing  the  way  in  which  the  known  separate  system  parts 
can  interact  to  produce  unexpected  and  troublesome  overall 
system  results. 

4.  Enough  information  is  available  for  this 
experimental  model  building  approach  without  great 
expense  and  delay  in  further  data  gathering. 
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5.  The  "mechanistic"  view  of  decision-making 
implied  by  such  model  experiments  is  true  enough  so  that 
the  main  structure  of  controlling  policies  and  decision 
streams  of  an  organization  can  be  represented. 

6.  Systems  are  constructed  internally  in  such  a 
way  that  they  create  for  themselves  many  of  the  troubles 
that  are  often  attributed  to  outside  and  independent 
causes. 


7.  Policy  and  structure  changes  are  feasible  that 
will  produce  substantial  improvement  in  industrial  and 
economic  behavior;  and  system  performance  is  often  so  far 
from  what  it  can  be  that  initial  system  design  changes  can 
improve  all  factors  of  interest  without  a compromise  that 
causes  losses  in  one  area  in  exchange  for  gains  in  another* 
(21  s'!  3-14-). 


Basic  Concepts  of  System  Dynamics 

The  term  system,  as  it  is  used  in  system  dynamics 
refers  to: 

...  a set  of  objects  together  with  relationships 
between  the  objects  . . . connected  or  related  to  each 
other  and  to  their  environment  in  such  a manner  as  to 
form  an  entity  or  whole  [56:238], 

In  system  dynamics,  the  principle  foundation  is  the 
information  feedback  loop  (21:14-).  It  is  the  information 
feedback  loop  which  ties  the  objects  of  the  system  together 
so  that  it  acts  as  an  entity.  Without  information  feedback, 
systems  operate  as  uncontrolled  devices  where  outputs  are 
isolated  from  and  have  no  influence  on  the  inputs  (23:1-5). 

The  information  feedback  loop  is  the  part  of  the 
system  that  reacts  to  the  environment.  This  reaction 
results  in  a system  decision  which  ultimately  changes  the 
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environment  and  influences  future  decisions  (21:14).  An 
example  of  an  information  feedback  system  is  depicted  in 
Figure  2-2. 


Information  feedback  systems  contain  three  basic 
behavioral  characteristics:  structure,  delays,  and  ampli- 
fication (21:15).  Forrester  explained  these  characteristics 
as  follows: 

The  structure  of  a system  tells  how  the  parts 
are  related  to  one  another.  Delays  always  exist 
in  the  availability  of  information,  and  in  taking 
action  on  the  decisions.  Amplification  usually 
exists  throughout  such  systems , especially  in  the 
decision  policies  w jur  industrial  and  social 
systems.  Amplification  is  manifested  when  an 
action  is  more  forceful  than  might  at  first  seem 
to  be  implied  by  the  information  inputs  to  the 
governing  decisions  [21:15-16]. 

The  objective  of  policy  makers  is  to  determine  the 
policy  or  decision  rule  which  control  the  dynamics  of  the 
system  so  that  the  system  can  reach  a desired  goal  (15:30). 

System  dynamics  applies  this  policy  making  concept 
to  complex  systems.  When  properly  applied,  it  can  help 
define  how  decisions  are  made  and  what  information  is  used 
to  make  decisions.  The  feedback  decision  structure  becomes 
extremely  useful  in  determining  what  actions  need  to  be 
taken  to  control  the  system. 


Special  Considerations  for  Systems  Dynamics 

Like  all  techniques , there  are  several  issues  of 


special  concern  in  the  application  of  simulation  modeling. 
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Information  Feedback  System 


The  modeling  process  draws  a fine  line  between  oversimpli- 
fication and  overdetail.  Omission  of  detail  can  cause  the 
model  to  loose  its  robustness.  On  the  other  hand,  too  much 
detail  can  cause  a burdensome  and  wasteful  model  which 
disguises  the  true  system  behavior  (24:112).  The  model 
should  seek  to  provide  enough  detail  to  be  persuasive  for 
its  intended  purpose.  Management  should  believe  that  the 
level  of  model  detail  takes  account  for  important  issues  and 
problem  areas  (54:29).  Because  many  system  dynamics  models 
pertain  to  complex  management  systems,  there  is  a reliance 
on  expert  Judgment  and  intuition  of  management.  In  the 
absence  of  a well-defined  body  of  management  theory,  or 
clear-cut  measures  of  performance  in  the  real  world,  the 
task  of  modeling  is  a challenge  (41:19).  The  results  of  the 
model  should  not  be  construed  as  "the"  right  answer,  but 
rather,  a means  to  understand  the  general  behavior  of  the 
system.  A final  concern  is  management's  attitude.  Many 
managers  feel  threatened  by  simulation  models,  envisioning 
the  models  as  a replacement  for  management.  This  misunder- 
standing leads  to  reluctance  of  managers  to  use  an  important 
tool  designed  to  assist  the  manager's  decision  making  and 
policy  analysis — not  replace  him.  Simulation  simply  provides 
a rapid  evaluation  of  a series  of  alternatives  and  variables 
that  cannot  be  accomplished  by  man  due  to  the  complex  and 
dynamic  nature  of  management  situations  (21:99). 
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Applications  of  System  Dynamics  I 

Despite  the  concerns  about  simulation,  models  can  j 

provide  a forceful  and  effective  tool  to  management.  The 
system  dynamics  application  of  simulation  provides  a means 
for  management  to  gain  insight  into  the  underlying  behavior 

m 

of  their  management  systems.  Modeling  also  provides  a 
vehicle  for  systematic  evaluation  of  alternative  management 
policies  or  the  consequences  of  specific  environmental 
issues  which  effect  the  system  (53:293).  The  system  logic 
is  built  around  the  goal  seeking  and  growth  aspects  of 
complex  systems.  System  dynamics  models  try  to  imitate  the 
real-world  system  in  all  its  faults,  so  that  the  manager 
can  see  how  the  overall  system  operates  and  reacts  to 
changes  in  policy  without  having  to  apply  these  changes  to 
the  real-world  system. 

System  dynamics  models  have  been  applied  success- 
fully to  diverse  areas.  Forrester  listed  several  appli- 
cations of  the  concept  to  various  real-world  situations 
such  as  corporate  policy,  social  forces  affecting  drug 
addiction,  and  growth  and  development  of  urban  areas 

(24:13). 

The  value  of  a model  is  that  it  can  be  used 
to  improve  our  understanding  of  the  ways  in  which 
a system  behaves  in  circumstances  where  it  is  not 
possible  (for  technical,  economic,  political  or 
moral  reasons)  to  construct  or  experiment  with  a 
real  world  system  [41:7]. 
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The  usefulness  of  models  becomes  more  evident  when 
applied  to  research  by  more  than  one  person.  Kadanoff 
modified  Forrester's  urban  model  to  study  changes  to  urban 
communities  (24:133).  Kadanoff  then  went  on  to  enlarge  the 
system  and  produce  different  results.  His  explanation  for 
this  difference  provided  a noteworthy  insight  into  the  value 
of  models:  "He  (Forrester)  and  I have  each  used  the  model 
to  explain  our  different  point  of  view  and  to  put  our 
reasoning  in  numerical  form  [37:79].”  Therefore,  the  appli- 
cation of  the  urban  model  provided  both  Kadanoff  and  Forrester 
an  arena  in  which  their  theories  could  be  presented  in  clear, 
unambiguous  language  without  going  into  semantics. 

Application  to  Acquisition  Policy 

System  dynamics  modeling  has  been  applied  to  several 
areas  of  the  acquisition  process.  In  1964,  Roberts  pub- 
lished his  study  of  management  of  research  and  development 
(R&D)  projects  using  system  dynamics.  His  primary  contri- 
bution was  an  understanding  of  the  dynamic  nature  of  R&D 
in  both  the  government  and  private  sector,  as  well  as  an 
invitation  for  future  research  in  the  area  of  R&D  (55).  A 
more  specific  application  to  DOD  research  and  development 
was  made  by  Elder  and  Nixon.  Their  research  addressed  the 
managerial  aspects  of  R&D  conducted  within  the  Aeronautical 
Systems  Division  in  the  Air  Force  Systems  Command  (19). 
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Lawson  and.  Osterhus  applied  the  system  dynamics  modeling 
technique  to  a broader  area  associated,  with  the  DOD  acqui- 
sition. In  their  research,  they  developed,  a conceptual, 
model  of  the  DOD  acquisition  process  which  centered  on  the 
interrelationships  of  six  sectors:  the  Congress,  the  DOD, 
the  Enemy,  Industry,  the  President  and  the  Populace.  Prom 

p 

these  six  sectors  they  developed  a causal  loop  diagram  of 
the  interaction  among  these  sectors  of  the  weapon  systems 
acquisition  process  (40).  Their  research  provided  a con- 
ceptualization of  the  acquisition  process;  however, 
conceptualization  is  only  the  first  step  towards  providing 
a useful  management  tool.  The  purpose  of  this  research  is 
to  refine  Lawson  and  Osterhus'  conceptual  effort,  incorporate 
the  research  of  Roberts,  Elder  and  Hixon,  develop  a mathe- 
matical representation  of  the  total  system,  and,  finally, 
analyze  the  model  to  assess  the  implications  of  policy 
changes  in  the  DOD  systems  acquisition  process. 

Summary 

This  chapter  contains  a review  of  the  literature 
relevant  to  the  two-fold  scope  of  the  research  effort: 
understanding  acquisition  policy  and  use  of  modeling. 


2 

Causal  loops  identify  the  relationships  between 
pairs  of  avriables  which  are  linked  together  in  a loop 
(29:11).  A detailed  discussion  of  causal  loops  is  provided 
in  Chapter  3 of  this  thesis. 
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The  task  of  modeling  complex,  dynamic  systems  is 
extremely  difficult;  however,  the  system  dynamics  technique 
is  specifically  designed  to  accommodate  these  situations. 
Forrester,  in  the  conclusion  of  the  discussion  of  his  world 
dynamics  model  states: 

Men  would  never  attempt  to  send  a space  ship  to 
the  moon  without  first  testing  the  equipment  by  con- 
structing prototype  models  and  by  computer  simulation 
of  the  anticipated  space  trajectories.  ITo  company 
would  put  a new  kind  of  household  appliance  or  elec- 
tronic computer  into  production  without  first  making 
laboratory  tests.  Such  models  and  laboratory  tests 
do  not  guarantee  against  failure,  but  they  do  identify 
many  weaknesses  which  can  then  be  corrected  before 
they  cause  full-scale  disasters. 

Our  social  systems  are  far  more  complex  and  harder 
to  understand  than  our  technological  systems.  Why, 
then  do  we  not  use  the  same  approach  of  making  models 
of  social  systems  and  conducting  laboratory  experiments 
on  those  models  before  we  tiy  new  laws  and  government 
programs  in  real  life?  The  answer  is  often  stated 
that  our  knowledge  of  social  systems  is  insufficient 
for  constructing  useful  models.  But  what  justification 
can  there  be  for  the  apparent  assumption  that  we  do 
not  know  enough  to  directly  design  new  social  systems 
by  passing  laws  and  starting  new  social  programs?  I 
am  suggesting  that  we  do  indeed  know  enough  to  make 
useful  models  of  social  systems.  Conversely,  we  do 
not  know  enough  to  design  the  most  effective  social 
systems  directly  without  first  going  through  a model- 
building experimental  phase.  But  I am  confident,  and 
substantial  supporting  evidence  is  beginning  to  accu- 
mulate, that  the  proper  use  of  models  of  social  systems 
can  lead  to  far  better  systems  and  to  laws  and  programs 
that  are  far  more  effective  than  those  created  in  the 
past  [25:126]. 
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Chapter  3 


RESEARCH  METHODOLOGY 


Introduction 

The  research  objectives  presented  in  Chapter  1 pro- 
vided the  general  framework  for  the  research  effort.  This 
chapter  outlines  the  approach  used  to  complete  the  research 
objectives  and  also  provides  a condensed  description  of 
system  dynamics  modeling  technique. 

RESEARCH  APPROACH 


Procedure 


The  system  dynamics  technique  provided  a logical 
framework  for  conducting  the  research.  The  study  focused 
on  seven  specific  areas  aimed  at  producing  a policy  model 
of  the  systems  acquisition  process.  These  seven  areas  were: 

1.  Describing  the  general  system,  determining 
boundaries  and  basic  interrelationships  between  the  major 
system  sectors  (subsystems); 

2.  Developing  causal  loop  diagrams  for  each  system 
sector  in  order  to  show  the  interaction  of  system  variables; 

3.  Conversion  of  the  causal  loop  diagrams  into 
detailed  flow  diagrams  to  show  how  money,  material  and 
information  move  throughout  the  system  and  decisions  are 
made  to  regulate  the  flows; 

4.  Developing  and  verifying  mathematical  equations 
which  represent  the  flow  diagram  concepts.  These  equations 
used  the  DYNAMO  simulation  language  ; 


34 


5.  Validating  the  model  concept  to  ensure 
reasonable  and  logical  representation  of  the  real  world 
system  structure; 

6.  Analyzing  the  system  to  identify  areas  sensitive 
to  change  and  possible  system  deficiencies;  and 

7.  Recommending  changes  to  the  system  to  improve 
the  structure  or  information  flow  and  identify  areas 
requiring  further  study  (56:246-247). 

A general  discussion  of  these  seven  steps  is  provided  in  the 
first  portion  of  this  chapter.  This  is  followed  by  a brief 
application  of  the  system  dynamics  modeling  technology  to  a 
simplified  model  of  the  acquisition  process.  This  is  pro- 
vided for  illustrative  purposes  and  may  be  skipped  by  those 
readers  familiar  with  system  dynamics. 

Describing  the  System 

The  first  step  in  development  of  the  policy  model  of 
the  systems  acquisition  process  was  to  describe  the  system 
as  it  related  to  the  specific  research  problem  and  objectives 
(21:21).  This  descriptive  effort  began  with  the  review  of 
literature  discussed  in  Chapter  2 and  was  supplemented  with 
formal  classroom  study  and  initial  discussions  with  acqui- 
sition managers  from  the  Aeronautical  Systems  Division  and 
the  Air  Force  Acquisition  Logistics  Division.  Additionally, 
both  Lawson  and  Osterhus  were  interviewed  regarding  their 
development  of  the  initial  conceptual  model  (40).  This 
initial  search  for  verbal  and  written  descriptions  of  the 
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acquisition  process  served  as  a starting  point  for  deter- 
mining the  system  boundaries.  The  information  gathered  from 
the  descriptive  model  of  the  system  was  used  to  identify  and 
classify  important  variables  required  for  the  more  formalized 
research.  Using  this  information , the  conceptual  model  was 
described  through  the  use  of  a system  sector  diagram,  causal 
loop  diagrams,  and  flow  diagrams. 

System  Sector  Diagrams 

System  sectors  provided  a useful  method  for  the 
first  analysis  of  the  acquisition  process.  Sectors  divided 
the  system  into  subsystems  which  have  some  degree  of  unity. 
This  provided  a means  to  group  like  concepts , processes , 
and  resources  together. 

The  relationships  between  sectors  were  defined  by 
networks  of  materials,  information , or  money  which  flow  from 
one  sector  to  another.  Forrester  stated  that  capital  equip- 
ment and  human  resource  flows  may  be  treated  implicitly, 
rather  than  explicitly  within  the  model  (21:1359).  It  was 
upon  this  advice  that  these  two  factors  were  removed  from 
the  explicit  definition  of  the  system. 

Causal  Loon  Diagrams 

Causal  loop  diagrams  provided  a more  detailed 
analysis  of  the  relationships  between  system  sectors  and 
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also  identified  the  variables  and  relationships  within  the 
system  sectors.  Through  the  development  of  causal  loop 
diagrams,  the  preliminary  system  structure  was  identified 
in  easily  understood  symbology.  This  technique  facili- 
tated transformation  of  the  system  sector  diagram  and 
verbal  description  into  a general  feedback  structure  which 
characterized  the  behavior  of  the  systems  acquisition 
process  (29:12). 

Interview  Process 

The  causal  loop  diagrams,  as  well  as  the  sector 
diagram,  provided  a useful  method  for  displaying  ideas 
about  the  conceptual  model  to  others  for  review  and  discus- 
sion. Using  these  diagrams  as  the  preliminary  representa- 
tion of  the  model,  top  executives  within  the  acquisition 
process  were  interviewed  in  order  to  provide  a richer 
understanding  of  the  decision  process  and  issues.  These 
interviews  also  provided  a means  to  justify  or  change 
variables  and  interactions  described  in  the  initial  concep- 
tual model. 

The  objective  of  this  interview  process  was  to 
develop  additional  information  about  the  decision  process 
of  policy  makers  in  the  acquisition  system.  Over  thirty 
individuals  responsible  for  the  various  policy  and  procedural 
aspects  of  the  DOD  systems  acquisition  process  were 


37 


contacted.  Among  those  organizations  represented  in  the 

research  sample  were: 

Congressional  Budget  Office 

House  Budget  Committee,  U.S.  Congress 

Office  of  the  Secretary  of  Defense 

Office  of  Management  and  Budget 

Office  of  Federal  Procurement  Policy 

Headquarters,  United  States  Air  Force 

Air  Force  Systems  Command 

Aeronautical  Systems  Division 

Air  Force  Wright  Aeronautical  Laboratories 

Air  Force  Acquisition  Logistics  Division. 

A complete  list  of  the  individuals  who  were  interviewed  is 

contained  in  Appendix  B. 

The  interviews  were  conducted  using  an  interview 
guide  which  was  designed  to  provide  a consistent,  but 
unstructured  arena  for  discussion  (see  Appendix  A). 
Questions  were  designed  to  prompt  discussion  about  the 
specific  system  elements  which  were  the  responsibility  of 
the  respondent;  however,  the  -unstructured  approach  did  not 
restrain  the  respondent  from  offering  insights  and  obser- 
vations about  other  areas  not  within  his  specific  respon- 
sibility. The  questions  were  designed  to  provide  specific 
information  about  goals  and  missions , important  issues  and 
problem  areas,  the  information  network,  the  decision 
structure,  performance  measures,  and  feedback,  delays,  and 
timing  of  dynamic  situations.  In  addition  to  specific 
details  about  the  system,  the  interviews  provided  a means 
to  detect  bias  and  gain  insight  into  the  general  management 
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philosophies  characterized  h y policy  makers  within  the  sys- 
tems acquisition  process. 

Flow  Diagrams 

The  interview  process  provided  sufficient  knowledge 
and  confirmation  about  the  system  to  expand  the  causal  loop 
diagrams  into  a more  structured  format  called  flow  diagrams. 
Flow  diagrams  are  based  on  the  philosophy  that  systems  can 
be  modeled  as  a series  of  states  or  levels  which  change  as 
the  result  of  varying  rates  of  flow  within  the  system.  The 
decision  structure  is  super-imposed  on  the  rate  and  level 
system  and  serves  to  regulate  the  system.  The  nature  of 
this  structure  determines  the  basic  behavioral  character- 
istics (53:242). 

The  flows  of  money,  raw  materials,  weapon  systems, 
technology,  and  information  are  specifically  identified  in 
the  modeling  effort.  These  flow  diagrams  provided  a basis 
for  developing  the  equations  used  in  the  simulation  model. 

Equations 

The  equations  developed  for  the  model  represent 
beliefs  about  the  relative  relationships  between  system 
variables.  The  development  of  equations  required  a con- 
scious analysis  of  measurement  criteria  and  dimensions 
applicable  to  system  variables.  In  many  cases,  concepts 
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and  surrogate  measurement  devices  were  developed  in  order 
to  represent  ideas  which  had  no  formal  measurement  devices 
within  the  DOD  systems  acquisition  system.  Equations  pro- 
vided the  mechanism  to  translate  such  statements  as 
"Capability  is  a function  of  . . . . " The  nature  of  policy 
modeling  does  not  always  allow  precise  measurement.  The 
focus  was  to  provide  qualitative  measurement  of  the  system. 
Forrester  stressed  the  purpose  of  equations  are  to  represent 
significant  relationships  within  the  system  in  a manner 
which  captures  the  overall  behavior.  Costly  and  time 
consuming  data  collection  to  develop  detailed  measurements 
of  the  system  should  not  be  pursued  until  a valid  initial 
model  is  developed  and  the  system  is  understood  (21:141). 

Once  the  equations  of  the  systems  acquisition  model 
were  formulated,  the  next  step  was  verification.  This 
ensured  that  the  computer  program  ran  as  intended.  To 
verify  the  model,  the  DTHAMO  equations  were  compared  to  the 
flow  diagram  to  ensure  that  the  equations  mathematically 
reproduce  the  meaning  of  the  levels  and  flow  rates  defined 
by  the  flow  diagrams. 

Model  Testing  and  Validation 

The  model  validation  process  involved  comparison  of 
the  model's  behavior  with  the  actual  system  behavior.  Due 
to  the  iterative  nature  of  model  building,  validation  was 
an  integral  part  of  each  step  within  the  research. 
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The  validation  approach,  used  a combination  of 
methods  recommended  by  Forrester  (21),  Coyle  (16),  and 
Roberts  (55):  well  known  experts  in  system  dynamics  appli- 
cations. The  primary  objective  of  model  validation  was  to 
ensure  that  model  structure  adequately  represented  the 
system  described  by  the  research  and  provided  results  con- 
sistent with  observed  system  behavior.  Borrowing  from  Coyle, 
the  following  definition  provided  the  basis  for  validation: 
the  process  by  which  we  establish  sufficient  confidence  in 
a model  to  be  prepared  to  use  it  for  some  particular  pur- 
pose (16:18). 

Specific  emphasis  was  placed  on  content  validity  to 
ensure  that  the  system  boundaries  and  system  structure  and 
relationships  were  adequately  described.  In  the  earlier 
stages  of  the  model  building,  validation  consisted  of  justi- 
fying hypotheses  and  assumptions  using  common  sense,  logic, 
and  knowledge  gained  from  the  literature  search.  The  inter- 
views also  assisted  in  validating  the  functional  relation- 
ships contained  in  the  system  equations  and  specifying  the 
relative  magnitude  of  several  essential  system  parameters. 

Detailed  statistical  study  using  empirical  evidence 
was  not  accomplished.  As  was  discussed  earlier,  once  the 
model  has  been  tested  and  certain  sensitive  areas  discovered, 
these  highly  sensitive  areas  should  be  considered  for  con- 
tinued model  validation. 
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Analysis  of  the  Model 

Analysis  of  the  conceptual  and  structural  models 
contained  in  the  causal  loop  diagrams  and  flow  diagrams 
provided  useful  insight  into  the  system  "behavior.  This 
analysis  wan  essential  to  the  internal  validation  of  the 
system  structure  and  served  as  a baseline  for  preliminary 
determination  of  sensitive  areas  and  increased  understanding 
of  the  possible  impact  of  policy  changes. 

The  simulation  capability  developed  in  this  research 
provides  a valuable  tool  for  management  use  in  policy 
analysis.  Although  the  operation  of  the  model  was  beyond 
the  scope  of  this  research,  the  preliminary  analysis  which 
resulted  from  this  research  should  be  used  as  a basis  for 
system  experiments.  Two  types  of  experiments  are  envisioned: 
tests  involving  changes  in  equation  parameters,  and  tests 
involving  changes  in  the  system  structure. 

AN  EXAMPLE  OP  THE  SYSTEM  DYNAMICS  TECHNIQUE 

The  following  section  provides  an  example  of  the 
system  dynamics  methodology  for  those  readers  unfamiliar 
with  the  technique.  A very  simple  presentation  of  the 
acquisition  process  showing  four  sectors  and  three  types  of 
flows  is  depicted  in  Figure  3-1 . This  general  model  will 
be  used  to  explain  the  specific  technology  required  to 
develop  sector  diagrams,  causal  loop  diagrams,  flow  diagrams 
and  DYNAMO  equations. 
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Figure  3-1 

System  Sector  Example 

The  need  sector  defines  the  requirement  and  pro- 
vides financing  to  the  production  sector.  The  production 
sector  manufactures  weapon  systems  for  deployment  in  the 
operations  sector.  In  turn,  the  operations  sector  generates 
additional  need  to  replace  weapons  that  become  obsolete  or 
wear  out.  The  operations  sector  also  uses  these  weapons  to 
create  threat  which  is  perceived  by  the  enemy.  The  U.S. 
threat  to  the  enemy  is  countered  by  enemy  weapons  produc- 
tion. Subsequently,  the  counterthreat  creates  additional 
requirements.  This  system  typifies  the  classical  "arms 
race. " 
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Causal  Loop  Diagrams 

The  mechanics  of  drawing  causal  loop  diagrams  are 
not  difficult.  The  procedures  for  developing  causal  loop 
diagrams  are  to : 

1.  Identify  the  variables; 

2.  Develop  causal  links  ; 

3.  Use  the  causal  links  to  develop  causal  loops; 

4.  Join  the  causal  loops  into  the  entire  system; 

5.  Determine  the  behavior  resulting  from  the 
causal  loop  diagrams  (40:27). 

The  basic  element  of  the  causal  loop  diagram  is  the 
causal  link.  This  is  a pairwise  relationship  where  the 
cause-effect  relationship  is  depicted  by  means  of  an  arrow. 
An  example  is  provided  in  Figure  3-2. 


Need  for  Production 

Weapons  of  Weapons 


Positive 

Link 


Operational 

Capability 


Need  for 
Weapons 


Negative 

Link 


Figure  3-2 
Causal  Link  Example 


* 

Coyle  (16)  refers  to  causal  links  as  influence 
links,  and  to  causal  loop  diagrams  as  "influence  diagrams." 
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The  nature  of  the  relationship  is  noted  by  the  plus 
(+)  or  minus  (-)  sign  which  indicates  a positive  or  negative 
change  between  the  two  variables.  A positive  sign  shows 
that,  all  other  things  held  constant,  both  variables 
increase  or  decrease  simultaneously:  as  the  first  variable 
increases,  the  second  increases;  likewise,  as  the  first 
variable  decreases,  the  second  variable  also  decreases.  On 
the  other  hand,  a negative  relationship  means  that  the 
variables  move  in  opposite  directions:  as  the  first 
variable  increases,  the  second  variable  decreases,  and  vice 
versa  (29:7)* 

The  sign  of  the  relationship  is  called  polarity. 

For  causal  links  that  contain  more  than  two  variables,  the 
polarity  is  determined  by  counting  the  number  of  negative 
pairwise  relationships.  An  even  number  of  negative  links, 
or  none  at  all,  produces  a positive  polarity  along  the 
causal  chain.  An  odd  number  of  negative  links  produces  a 
negative  chain  (29:8).  Examples  of  both  positive  and 
negative  chains  are  shown  in  Figure  3-3. 

The  next  step  in  developing  causal  loop  diagrams 
entails  grouping  the  causal  links  into  complete  loops.  The 
polarity  of  the  loop  is  determined  using  the  same  procedures 
as  for  causal  links.  The  loop  polarity  is  denoted  by  the 
sign  in  parentheses  in  the  center  of  the  loop  (29:9-"10). 
Examples  of  positive  and  negative  loops  are  shown  in 
Figure  3 —4. 
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Need  for  + f-  Production  Inventory 

Weapons  of  Weapons  of  Weapons  positive  chain 


Use  of Inventory “ Need  for  ...  , . 

Weapons  of  Weapons  ^ Weapons  positive  chain 


Production  + Inventory  “ Need  for 

of  Weapons  of  Weapons  Weapons  negative  chain 


Figure  3-3 

Polarity  of  Causal  Chains 
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Figure  3-4 
Causal  Loop  Example 
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Positive  loops  exhibit  uncontrolled  growth  or  decay. 
The  arms  race  example  displays  uncontrolled  growth.  Nega- 
tive loops  are  characterized  hy  "goal-directed  or  goal- 
oriented  behavior  [29:37].'’  Negative  loops  contain  some 
type  of  control  mechanism  which  seeks  to  regulate  the 
system.  This  behavior  is  displayed  when  production  of 
weapons  is  reduced  as  needs  are  satisfied.  The  basic  dif- 
ference between  positive  and  negative  loops  is  the  existence 
of  the  control  mechanism  within  the  negative  feedback  loop 

(29:39). 

The  overall  structure  of  feedback  loops  creates 
the  behavior  of  the  system  as  it  moves  through  time. 

Although  the  trends  in  system  behavior  can  be  determined 
from  causal  loop  cfi.agrams , the  additional  detail  provided 
by  flow  diagrams  make  the  behavior  more  easily  understood. 


Plow  Diagrams 

There  are  two  concepts  relevant  in  explaining  a 
system's  behavior:  levels  and  flow  rates  (56:48). 
Forrester  outlined  the  use  of  these  levels , rates  and 
information  channels  in  the  decision  function. 

The  flow  channels  transport  the  contents  of 
one  level  to  another,  and  the  flow  rates  them- 
selves are  controlled  by  the  levels.  The  decision 
functions  are  the  relationships  that  describe  how 
the  levels  control  the  flow  rates.  Information 
channels  connect  the  levels  to  the  decision  func- 
tions [21:131. 
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The  symbology  used  in  flow  diagramming  decision  functions 
is  depicted  in  Figure  3-5. 


In  Figure  3-6,  the  flow  diagramming  symbols  have 
been  combined  into  an  example.  The  weapons  inventory 
level  is  shown  as  a function  of  the  input  rate  (production) 
and  a constant  output  rate  (attrition).  The  actual 
inventory  level  is  compared  to  the  desired  inventory  level 
to  determine  whether  the  production  rate  is  sufficient  to 
maintain  the  desired  inventory  level. 

All  the  variables  in  the  flow  diagram  must  have  an 
operational  definition  which  can  be  quantified.  Without 
operational  definitions , it  is  impossible  to  accurately 
construct  the  flow  diagrams  since  all  terms  are  measured  as 
amounts  in  levels  and  units  per  unit  time  period  in  flow 
rates. 

Equations 

Formulation  of  equations  is  the  transition  step 
between  flow  diagramming  and  simulation.  The  equations 
become  the  basis  for  a DYNAMO  computer  model  which  is  used 
to  simulate  the  systems  acquisition  process  through  time. 

There  are  six  basic  classes  of  equations  used  in 
DYNAMO:  level  (L),  rate  (R),  auxiliary  (A),  initial  value 
(N) , constant  (C),  and  supplementary  (S)  equations.  Levels, 
rates,  and  auxiliary  equations  all  have  time  dimensions. 
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Levels — measurable  quantities  or 

accumulations  within  the  system 
which  determine  the  system  state 

Plows — the  movement  of:  information 

material 

money 


Decision  Function  (Rate) — policies 
that  control  the  flows  between 
levels 


Source/sink — represents  levels 
outside  the  system 


Auxiliary  Variable — provides  greater 
meaning  to  decision  function 
variables  (goals,  policies) 


Parameter — a constant 


Delay — describes  the  process  of 
time  delays 


Figure  3-5 

Flow  Diagramming  Symbols  (21:82-84) 


« 
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The  notation  used  to  denote  time  is  similar  to  subscripting 
variables.  The  letter  "K"  denotes  the  present,  the  letter 
"J"  denotes  the  past,  and  "L"  denotes  the  future.  Rates 
measure  movement  over  time.  Therefore,  a rate  equation  uses 
a double  subscript.  For  an  example  from  Figure  3-6  PRODRT.JK 
is  the  variable  associated  with  production  rate  (PRODRT) 
over  the  time  interval  past  to  present  (JR)  (21:73-76). 

Level  equations  measure  the  contents  at  the  present 
time  (K).  The  value  of  the  level  is  a function  of  the  prior 
level  and  the  rates  of  inflows  and  outflows  over  the  last 
time  period  (DT).  For  example: 

L VSIBT.K  = WSUTV.J  + DT(PRODRT.JK  + ATTRT.JK)  (21:76). 

Rates  are  normally  specified  as  functions  of  levels 
or  auxiliary  variables , but  rates  can  also  be  a constant 
value.  The  following  equation  states  that  production  rate 
is  equal  to  a fractional  value  (FRAC)  of  the  discrepancy 
(DISC.K)  between  the  desired  inventory  and  the  actual  inven- 
tory (21:77-78). 

R PRODRT.JK  = FRAC  * DISC.K 
Auxiliary  equations  provide  greater  meaning  to  the 
rate  and  level  equations  by  breaking  the  major  rate  and 
level  equations  into  smaller  more  readily  understandable 
equation  sets.  In  the  preceding  paragraph,  PRODRT.JK  was 
a function  of  the  discrepancy  (DISC.K).  DISC.K  is  computed 
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by  an  auxiliary  equation  that  compares  the  desired  and 
actual  inventory: 

A DISC.K  = DIN7  - WSINY.K  (21:78-79). 

Initial  value  equations  set  the  initial  conditions 
for  all  levels.  If  the  initial  value  of  the  weapons 
system  inventory  was  100  aircraft,  the  equation  would  he: 

/ 

IT  WSINT  = 100  (21:79-80). 

Constants  set  the  value  of  a variable  for  the  entire 
DYNAMO  simulation.  For  example,  the  desired  inventory 
(DUTY)  could  be  set  at  120  weapon  systems. 

C DINT  = 120 

Supplementary  equations  or  SFEC  cards  are  required 
in  DYNAMO  to  specify  instructions  required  to  print  and 
plot  model  values.  They  do  not  influence  the  computed 
values  that  influence  the  behavior  of  the  system  (21:79). 


In  summary,  the  system  dynamics  methodology  provided 
the  basic  research  approach  to  develop  a dynamic  policy 
model  of  the  acquisition  process.  This  chapter  has  outlined 
the  basic  steps  that  were  taken  during  the  research  process 
and  also  provided  an  example  of  the  system  dynamics  applied 
to  a simple  system.  Although  the  steps  infer  a sequential 
approach,  the  nature  of  the  model  building  was  iterative. 
Many  of  the  steps  were  reaccomplished  as  new  information 
became  available  to  enrich  the  model. 
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The  results  of  the  research  follow  in  the  next 
three  chapters.  These  chapters  present  the  conceptual 
model,  structural  model,  analysis,  recommendations  and 
conclusions  relative  to  the  policy  model  and  issues  within 
the  systems  acquisition  process. 
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Chapter  4- 


INITIAL  MODEL  IDEMULATION 


Introduction 

The  primary  purpose  of  this  chapter  is  to  provide  a 
conceptual  model  of  the  systems  acquisition  process  through 
the  use  of  a system  sector  diagram,  causal  loop  diagrams, 
and  an  explanation  of  the  apparent  goals , cause  and  effect 
relationships,  and  key  issues  relative  to  each  sector.  The 
information  contained  in  the  diagrams  and  discussions 
results  from  the  literature  review  and  the  subsequent  inter- 
view process.  This  chapter  will  focus  on  providing  a 
general  understanding  of  the  concepts  which  affect  the 
elements  within  the  acquisition  process.  A more  detailed 
discussion  of  specific  structural  elements  will  he  presented 
in  Chapter  5. 

The  Acquisition  System 

The  acquisition  system  is  characterized  by  a group 
of  interrelated  processes  designed  to  provide  weapon  systems 
necessary  for  DOD  missions.  The  processes  are  interconnected 
by  the  flow  of  material,  money,  and  most  importantly,  infor- 
mation. The  information  network  is  essential  to  the  system, 
because  it  provides  the  feedback  and  policy  structure  which 
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determine  system,  ‘behavior.  Ten  system  sectors  were 
developed  in  order  to  study  the  systems  acquisition 
process.  These  first  will  "be  discussed  as  a group  to 
provide  an  overview  of  the  entire  system  structure  and 
relationships  within  the  system. 

As  noted  in  Chapter  1 , the  acquisition  process  is 
an  important  element  of  "both  national  security  and  economic 
policy.  The  goals  and  objectives  of  the  political  system 
have  a significant  effect  on  the  relative  importance  given 
to  DOD  missions.  The  purpose  of  the  political  system  is  to 
determine  the  desired  mix  of  policies  required  to  meet 
military,  economic,  and  political  objectives.  The  decision 
structure  within  the  political  system  is  influenced  by  pres- 
sures from  the  various  environmental  elements,  as  well  as 
pressures  from  DOD. 

In  DOD , the  concern  of  the  acquisition  system  is  to 
identify  and  Justify  needs  based  on  the  threat  perceived 
from  enemy  capabilities  and  political  intentions.  Needs 
are  identified  through  continuing  mission  area  analysis, 
lor  major  systems  acquisitions,  a formal  approval  process  is 
required.  This  process  culminates  with  the  Defense  Systems 
Acquisition  Review  Council  approval.  As  needs  are  vali- 
dated, demands  for  financial  resources  are  forwarded  through 
the  Planning,  Programming,  and  Budgeting  System.  During 
this  process,  financial  requirements  are  rank  ordered  and 
allocated  to  the  various  DOD  programs. 
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The  approval  of  acquisition  needs  and  subsequent 
funding  provide  the  authority  to  proceed  with  research  and 
development.  This  process  transforms  the  financial  and 
technology  inputs  into  development  plans  required  to  produce 
weapon  systems.  The  product  of  the  research  and  development 
effort  provides  the  necessary  technical  ability  required  for 
weapons  production.  In  addition  to  this  input,  the  pro- 
duction process  draws  from  both  the  resource  and  technology 
bases  in  order  to  complete  the  task  of  producing  weapon 
systems.  As  the  process  continues,  weapons  are  delivered 
to  the  operating  commands  withia  'CD  and  also  tr  ns f erred 
to  allied  nations. 

The  U.S.  operational  forces  impact  the  acquisition 
process  in  a number  of  ways.  One  of  the  most  significant 
effects  is  the  impact  that  weapon  system  deliveries  have  on 
threat  reduction.  This  is  due  to  the  increase  in  capability 
which  reduces  U.S.  and  allied  deficiencies.  Conversely,  as 
D.S.  and  allied  capabilities  increase,  the  threat  to  the 
enemy  also  increases.  In  addition  to  the  indirect  support 
to  allied  nations  through  increases  in  U.S.  capability, 
allied  defense  is  affected  directly  when  arms  are  trans- 
ferred from  U.S.  operational  forces.  In  addition  to  the 
capability  provided  from  the  operational  forces,  delivery 
of  weapon  systems  to  the  commands  creates  a demand  for 
support. 
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This  demand,  is  eventually  supplemented  with,  require- 
ments for  new  systems  necessary  to  replace  the  operational 
force  as  it  ages  through  time.  This  final  demand  serves 
to  complete  one  system  life  cycle  as  a new  system  need  is 
generated.  The  concept  of  the  systems  acquisition  life 
cycle  is  represented  in  the  system  sector  diagram  contained 
in  Figure  4—1 . 

As  indicated  in  the  preceeding  discussion,  the 
systems  acquisition  process  is  typical  of  multi-looped 
feedback  systems.  The  goad  seeking  portion  of  this  system 
revolves  around  the  identification  and  subsequent  satis- 
faction of  needs.  This  is  accomplished  through  the  develop- 
ment of  weapon  systems  and  maintenance  of  operating  forces 
required  to  produce  desired  military  capability.  The 
second  major  loop  exhibits  the  growth  aspects  of  the  system, 
classically  named  the  "arms  race".  This  feedback  structure 
is  inclined  to  perpetuate  arms  development  as  the  enemy, 
allied,  and  TJ.S.  forces  seek  adequate  military  protection. 
Growth  is  disrupted  only  as  resources,  technology,  money, 
or  political  constraints  become  factors  in  the  decision 
process. 

The  links  between  the  Technology,  Weapon  System 
Development,  and  Production  Sectors  depict  the  area  of  the 
model  which  is  traditionally  associated  with  the  acquisition 
process.  These  three  sectors  contain  the  central  processes 
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of  the  system,  around  which  the  remainder  of  the  sectors  are 
organized.  The  goal  of  the  production  sector  is  to  produce 
weapon  systems.  Thus,  these  three  sectors  can  he  considered 
the  heart  of  the  systems  acquisition  process. 

Just  as  the  Technology,  Weapon  Systems  Development, 
and  the  Production  Sectors  can  he  thought  of  as  the  heart  of 
the  system,  the  Political  Sector  can  he  thought  of  as  the 
hrain.  Here  the  important  interface  is  made  with  the  envi- 
ronment. The  result  is  a trade-off  of  issues  which  impact 
the  support  given  to  financing  DOD  programs. 

In  order  to  support  the  various  decision  processes 
that  occur  in  the  systems  acquisition  process,  an  extensive 
communications  network  exists.  Throughout  the  interview 
process  this  point  was  continually  reaffirmed  and  became 
the  basis  for  the  following  observations.  The  structure 
appeared  to  he  well  established  in  all  areas  within  the 
decision-making  hierarchy  that  exists  to  support  the  acqui- 
sition process.  The  communications  network  has  two  separate 
parts:  formal  and  informal.  The  formal  communications  net- 
work is  required  to  coordinate  the  necessary  system  pro- 
cesses which  cut  across  functional  lines.  This  network  also 
includes  the  decision-making  groups  and  organizations  estab- 
lished to  review  and  approve  needs,  system  development  and 
funding.  Although  the  formal  network  appears  to  be  highly 
structured,  set  procedures  were  established  to  monitor  the 
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flow  of  information  "between  individuals  and  organizations. 
The  informal  communications  network  is  far  more  complex. 
Informal  communications  networks  provide  a means  to  enrich 
the  information  "base;  hut  they  also  increase  the  total, 
amount  of  exposure  to  information  hy  each  manager.  One 
manager  estimated  that  he  received  much  more  data  from  the 
formal  network  than  he  required  to  make  decisions;  however, 
the  data  did  not  provide  the  information  he  believed  was 
necessary  to  accomplish  his  job  (13).  Because  of  this,  he 
sought  out  informal  information  sources. 

The  decision-making  process  for  systems  acquisition 
is  more  fully  understood  when  the  system's  participants, 
the  positions  on  key  issues , and  the  general  behavioral 
trends  can  be  analyzed.  The  remainder  of  this  chapter  will 
provide  a more  extensive  discussion  of  each  system  sector 
and  the  relevant  issues  and  relationships  which  influence 
the  sector  behavior. 

Political  Sector 

The  role  of  politics  is  essential  to  understanding 
the  behavior  of  the  systems  acquisition  process.  The 
decisions  and  policies  made  at  the  national  level  determine 
the  general  policy  environment  and  constraints  within  DOD , 
and  more  specifically,  the  acquisition  process.  In  essence, 
this  political  environment,  as  presented  in  Figure  4—2, 
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serves  to  "balance  the  pressures  and  influences  from  within 
the  DOD  with  other  national  goals  and  objectives.  In 
addition,  many  of  the  variables  provide  the  link  to  other 
sectors  within  the  model.  For  example,  the  perceived  threat 
and  intent  to  use  force  variables  depend  upon  the  Allied  and 
Enemy  Sectors,  as  military  and  international  situations 
change  throughout  the  world. 

The  relative  pressures  which  exist  in  the  military, 
economic,  and  international  arena  determine  the  tone  of  the 
political  environment.  During  the  interview  process,  it  was 
noted  that  these  pressures  were  normally  evaluated  in  terms 
of  dollars.  The  "power  of  the  purse"  appears  to  be  a rela- 
tively well  understood  concept;  however,  the  structure  which 
supports  the  actual  decisions  is  not  as  easy  to  interpret. 
The  pervasiveness  of  this  structure  appears  to  result  from 
an  attempt  to  satisfy  many  national  goals  simultaneously. 
This  involves  determining  the  balance  between  the  security 
and  economic  goals  of  the  nation  and  implementing  consistent 
policy  to  achieve  these  goals  which  is  a difficult  task. 

A recent  analysis  of  the  U.S.  power  position  within  the 
world  addressed  the  failure  of  the  U.S.  to  recognize  the 
full  relationships  between  political,  military,  and  economic 
events  in  order  to  develop  coherent  policy  to  deal  with 
multi-faceted  issues  in  an  integrated  fashion  (62:38). 
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For  military  issues , the  result  of  the  political  tradeoffs 
made  between  military,  economic,  and  international  demands 
determines  the  overall  funding  and  force  levels  within  HOD. 
In  addition,  specific  decisions  are  made  which  impact 
individual  acquisition  programs. 

In  order  to  deal  effectively  with  military  issues , 
it  is  necessary  to  analyze  the  relationships  between  the 
major  components  of  the  political  system  to  determine  the 
influence  and  pressures  which  result  from  the  political 
process.  Although  the  precise  relationships  between  the 
issues  and  participants  within  the  process  were  not  dis- 
cussed in  this  research,  the  major  relationships  were 
confirmed  during  the  interview  process.  The  issues  of 
threat,  economic  conditions,  and  the  quality  of  life  were 
found  to  relate  to  decision-making  within  the  political 
environment . 

The  pressure  for  DOD  programs  begins  with  U.S. 
deficiencies.  These  deficiencies  are  amplified  by  the 
threat  the  U.S.  perceives  relative  to  the  enemy's  capa- 
bilities, enemy  intent  to  use  force,  and  the  amount  of 
support  the  U.S.  believes  the  allies  will  supply  in  case 
of  war.  In  this  sense,  perceived  threat  is  a function  of 
both  the  size  of  the  deficiency  and  the  political  tone  of 
events  which  occur  in  the  international  environment . 
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Threat  is  a perception  of  military  capabilities  and  inter- 
national environment.  The  perception  is  based  on  the 
continual  evaluation  of  the  trends  in  military  capabil- 
ities and  intentions.  In  this  respect,  the  actual  threat 
may  not  be  consistent  with  what  is  perceived.  The  concept 
is  difficult  to  develop  due  to  both  the  problems  associated 
with  measuring  capability  and  the  changing  world  alliances. 

Economic  conditions  also  affect  the  pressures  and 
influences  determining  decisions  on  military  issues.  As 
economic  conditions  such  as  falling  Gross  National  Product , 
inflation , and  unemployment  become  concerns  within  the 
political  environment,  demands  for  non-DOD  programs  increase. 

Borrowing  from  Forrester  (25),  military  and  economic 
goals  can  be  combined  into  the  concept  of  the  quality  of 
life.  This  concept  represents  the  relative  degree  of 
contentment  in  the  populace.  It  provides  the  basis  for  the 
guns  and  butter  trade-offs  made  within  the  executive  and 
legislative  branches  of  the  government.  The  quality  of  life 
has  an  inverse  effect  on  the  demand  for  DOD  programs.  As 
Americans  enjoy  favorable  economic  conditions  and  feel  no 
threat  to  their  security,  little  popular  support  is  evident 
for  DOD  programs.  The  Vietnam  War  provides  a historical 
example  of  this  phenomena.  Little  direct  threat  was  per- 
ceived; therefore,  many  Americans  were  unwilling  to  support 
DOD  demand.3.  The  e ectoraL  process  paroially  ensures 
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im.pl ementat ion  process.  The  research  revealed,  the  defense 
spending  patterns  were  closely  associated  with  the  political 
pattern.  The  biggest  increases  in  defense  spending  occur 
in  the  two  years  prior  tc  the  presidential  election  and  the 
biggest  cuts  occur  in  the  two  years  after  the  election  (10). 

Public  officials,  although  apparently  concerned 
about  the  public's  desires,  also  shape  their  opinions  on 
information  and  influence  resulting  from  other  sources. 
Specific  favoritism  and  support  for  selected  issues  and 
programs  are  common  within  all  management  structures. 
Managers  have  pet  projects  which  become  more  important  than 
any  other  management  concern.  Because  the  program  or  issue 
is  important,  the  manager  seeks  to  highlight  the  program 
merits  in  order  to  receive  support  from  other  areas  in  the 
decision-making  hierarchy.  In  the  systems  acquisition 
process , weapon  systems  are  advocated  by  many  individuals 
and  alliances.  The  defense  industry,  DOB,  and  the  executive 
and  legislative  branches  all  participate  in  the  selling  of 
weapon  system  programs.  Pew  controversial  programs  are 
approved  without  a coalition  of  supporters  from  all  levels 
in  the  process.  Advocacy  may  result  from  a desire  to  keep 
specific  geographic  locations  or  contractors  healthy, 
sincere  belief  that  one  program  approach  is  more  desirable 
than  another,  or  unusual  pressure  to  pursue  1 particular 
course  of  action  from  other  participants  in  the  system. 
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The  .interview  process  revealed  that  the  informal 
communications  network  serves  the  advocacy  concept  well. 

It  is  important  to  know  where  top  decision-makers  stand  on 
specific  issues  and  also  to  establish  information  sources 
to  provide  continuing  status  on  political  positions.  Most 
managers  believed  these  sources  were  essential  to  their 
personal  data  base. 

One  form  of  advocacy  readily  apparent  in  the  acqui- 
sition process  is  lobbying  accomplished  by  the  defense 
industry.  In  this  discussion,  the  term  lobbyist  represents 
both  formal  and  informal  pressures  by  the  defense  contrac- 
tors. The  pressure  results  from  contacts  with  industry  in 
formal  meetings , as  well  as  informal  visits  and  discussions 
with  defense  contractors.  Lobbyist  pressure  intensified  as 
economic  conditions  required  the  defense  industry  to  seek 
new  business  (36:135). 

Another  source  of  influence  upon  the  political 
decision-makers  results  from  DOD.  The  services  explicitly 
lobby  for  support  of  specific  programs.  In  addition  to 
this  explicit  influence,  the  past  and  current  performance 
of  DOD  acquisitions  also  impacts  the  political  support  for 
DOD  and  specific  acquisition  programs.  Many  of  the  staffs 
stated  that  specific  technical  and  cost  measures  were 
evaluated  in  the  decision-making  process.  Dor  example,  cost 
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growth,  on  the  B-1  bomber  provided  one  of  the  reasons  for 
cancellation  of  the  program.  In  other  cases,  decision- 
makers within  Congress,  OMB,  and  OSD  withheld  funds  in 
order  to  force  policy  or  procedural  changes.  This  activity 
provides  additional  Influence  which  affects  the  DOD  envi- 
ronment . 

In  summary , the  political  environment  which 
surrounds  the  acquisition  process  is  important  to  understand, 
although  it  is  unwieldy  and  difficult  to  anticipate.  The 
decisions  made  by  the  people  in  the  executive  and  legislative 
branches  of  government  are  influenced  by  three  separate 
forces:  popular  support  measured  in  terms  of  the  quality 
of  life,  specific  interest  groups  and  personal  advocacy 
positions,  and  the  influence  and  performance  of  DOD.  The 
relative  importance  of  players  who  participate  in  the 
process,  as  well  as  their  environment,  determines  the  policy 
positions  which  affect  the  acquisition  process.  To  the 
extent  that  the  system  dynamics  methodology  is  concerned 
with  the  interrelationships  among  the  components  in  the 
system,  the  political  process  is  both  people  and  program 
related,  where  many  situational  variables  appear  to  affect 
the  policy  outcomes. 

Need  Sector 

The  demand  for  defense  systems  is  the  basic  input 
to  the  acquisition  process.  The  Need  Sector  depicted  in 
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Figure  4—3  provides  a model  of  the  DOD  process  for  identi- 
fying mission  requirements,  evaluating  alternative  means  to 
satisfy  the  requirements , and  reflecting  the  decisions  which 
result  in  a force  plan.  The  output  of  the  force  plan  is  the 
demand  for  dollars  to  the  Financial  Sector  in  order  to 
meet  the  requirements  for  research  and  development,  produc- 
tion and  modification  of  weapon  systems , and  continued 
support  for  operating  forces.  The  Heed  Sector  behavior  is 
goaLl  seeking  in  that  it  strives  to  satisfy  specific  needs; 
however,  this  sector  also  provides  the  input  to  the  arms 
race  concept. 

Heeds  are  identified  by  the  intelligence  community 
and  the  operating  commands.  The  process  by  which  deficien- 
cies are  identified  is  called  mission  area  analysis. 

Mission  areas  relate  to  the  basic  missions  assigned  to 
military  forces  such  as  strategic  attack  or  force  mobility. 
The  objective  of  mission  area  analysis  is  to  compare  the 
enemy  capabilities  with  allied  and  U.S.  capabilities  to 
determine  valid  deficiencies  (74-:  1-2). 

There  are  several  key  issues  chat  relate  to  the 
identification  and  planning  of  needs.  Specifically,  the 
issues  revolve  around  DOD’s  ability  to  assess  capabilities 
In  order  to  determine  deficiencies,  the  process  by  which 
alternatives  are  evaluated  to  meet  deficiencies,  and  the 
role  of  politics  in  the  planning  process. 
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The  concept  of  capability  can  be  thought  of  in  terms 


of  a quantity  and  quality  dimension  (4-6:42).  Determining 
the  number  of  forces  in  DOD,  allied,  and  enemy  forces  is 
straight-forward;  however,  the  combination  of  quantitative 
and  qualitative  features  of  military  forces  makes  the  deter- 
mination of  capabilities  difficult.  Several  different 
agencies  have  developed  capability  models , although  there  is 
no  universally  accepted  definition  or  model  for  assessing 
capability  (5). 

One  technique  developed  by  the  HQ  TTSAF  ?orce  Capa- 
bility Integration  Division  appears  to  hold  promise.  The 
method  requires  that  individual  experts  in  specific  mission 
areas  weigh  the  importance  of  subelements  within  each  area 
and  then  evaluate  the  status  of  existing  and  planned  capa- 
bility. To  facilitate  this  procedure,  a mission  sire?  pro- 
file is  developed  in  the  form  of  a tree  and  the  results  are 
compared  to  the  known  threat  for  each  mission  area  (Figure 
4—4).  Deficiencies  are  noted  using  a color  coding  scheme 
which  highlights  inadequate  and  marginal  areas  of  the  tree. 
The  final  analysis  determines  the  relative  importance  of  the 
deficiencies  within  each  mission  area  branch.  This  results 
in  a comprehensive  review  of  needs  which  provides  a subjec- 
tive, but  logical  approach  to  the  difficult  concept  of 
capability  and  deficiency  analysis  (33:4—7). 
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Strategic  Attack 


Once  deficiencies  are  identified,  development  plan- 


ning defines  alternative  solutions  for  reducing  the  defi- 
ciencies. Among  the  list  of  alternatives  that  are  con- 
sidered are:  providing  additional  support  for  existing 
forces;  modifying  current  weapons;  procuring  additional 
weapons  in  production  or  the  operational,  inventory;  and 
developing  new  systems.  Each  alternative  is  evaluated  in 
terms  of  mission  performance,  schedule,  and  costs. 

During  the  interview  process , an  apparent  conflict 
was  noted  in  the  relative  importance  that  decision-makers 
placed  on  the  performance,  schedule,  and  cost  features  of 
needs.  In  addition  to  this  conflict,  the  statement  of  the 
requirement  differed  as  the  need  moved  through  the  valida- 
tion process.  At  the  major  command  level,  great  emphasis 
was  placed  on  the  performance  requirement.  The  operating 
commands  focus  on  specific  capabilities , usually  relating 
their  requirements  to  deficiencies  in  specific  hardware 
terms.  The  commands  are  often  accused  of  "gold  plating" 
their  requirements  by  asking  for  too  much  performance  to 
satisfy  the  deficiencies  that  exist.  The  rebuttal  to  this 
accusation  addresses  the  risk  of  being  caught  short  at  war- 
time. DOD  components  argue  that  the  quality  dimension  of 
U.S.  capability  must  be  maintained  by  developing  techno- 
logically advanced  systems  (46:42).  The  search  for  tech- 
nology to  meet  requirements  within  the  Air  Eorce  is 
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primarily  the  respons ibility  of  the  Air  Force  Systems 
Command  (AFSC).  AFSC’s  primary  focus  is  to  develop  the 
technological  know-how  for  specific  performance  needs;  how- 
ever, AFSC  also  maintains  the  technology  "base  required  to 
provide  answers  to  needs  when  they  arise  (2).  Due  to  the 
cost  of  funding  research,  few  projects  continue  if  a size- 
able investment  is  required  or  if  no  validated  need  exists. 

Heeds  requiring  a significant  investment  must  be 
approved  by  the  Defense  System  Acquisition  Review  Council 
(DSARC).  These  needs  are  formally  documented  on  a Mission 
Element  Heed  Statement  (MEHS).  The  DSARC  consideration  of 
the  MEHS  marks  the  end  of  a lengthy  coordination  process 
which  requires  concurrence  by  many  panels  and  review  groups. 
During  the  approval  process,  the  primary  focus  shifts  from 
performance  to  timing,  cost,  and  other  business  considera- 
tions. The  statement  of  rhe  need  also  shifts  from  a 
specific  to  general  requirement.  The  corporate  structure 
within  EQ  USAF  and  OSD  currently  requires  an  estimation  of 
life  cycle  cost  before  new  acquisitions  are  approved.  This 
appears  to  be  a difficult  task  for  USAF — where  estimates  are 
poor  even  when  specific  details  are  known  about  the  program 
(71).  Although  most  managers  believed  cost  was  still  third 
to  performance  and  time  considerations;  they  also  believed 
cost  had  increased  its  importance  in  the  decision-making 
process  within  the  acquisition  process. 
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The  statement  of  needs  in  a general  format , not 
specifically  tied  to  hardware , has  "been  of  concern  to  the 
USA?  as  the  new  policy  resulting  from  OMB  A-109  was  imple- 
mented. The  policy  intended  to  link  requirements  to 
validated  needs,  evaluate  various  alternatives,  and  main- 
tain flexibility  in  developing  systems  once  the  needs  were 
approved  (20).  Currently,  few  new  systems  have  "been 
approved.  This  appears  to  he  due  to  the  long  bureaucratic 
cycle  involved  to  implement  the  policy  rather  than  a 
selection  of  other  alternatives  in  lieu  of  acquisition. 

The  average  time  to  approve  a MEN'S  is  approximately  eight 
months  (33)-  This  analysis  of  0M3  A-109  implementation 
was  voiced  throughout  the  interviews  with  managers , as  well 
as  in  reports  discussed  in  the  literature  review.  The 
majority  of  individuals  believed  the  intent  of  the  policy 
was  good;  but  implementation  within  the  services  was  poor. 

Most  needs  are  identified  through  the  formal 
decision-making  structure  established  to  approve  needs 
included  in  the  force  plan.  In  addition  to  the  structure 
that  exists  to  generate  and  evaluate  needs,  needs  are  also 
generated  by  political  advocacy  from  within  DOD  as  well  as 
from  external  sources.  The  entire  needs  process  can  be 
pushed  out  of  routine  when  programs  are  changed  by  indi- 
viduals who  have  significant  influence  over  the  ultimate 
decisions  to  approve  or  cancel  weapon  systems  acquisitions. 
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An  excellent  example  of  this  phenomena  was  Presi- 
dent Carter's  order  that  the  B-1  bomber  be  cancelled  in 
favor  of  the  cruise  missile.  This  caused  a reorientation 
of  needs , a restructuring  of  acquisition  programs , and  a 
change  in  the  scheduled  time  to  meet  needs.  Although  the 
cruise  missile  did  not  create  a significant  problem  in  the 
financial  arena  because  funds  were  transferred  from  the  3-1 
program,  significant  schedule  changes  were  made  to  meet 
President  Carter's  promised  date  for  the  cruise  missile's 
initial  operational  capability. 

In  summary,  the  Need  Sector  attempts  to  translate 
deficiencies  in  military  capability  into  force  structure 
plans  and  alternative  means  to  meet  these  plans.  In 
addition,  the  Need  Sector  must  include  political  consider- 
ations which  may  alter  the  initial  Force  Planning  documents. 
The  changes  to  the  planning  documerts  must  consider  the 
overall  financial  constraints  within  DOD.  In  the  next 
section,  the  financial  processes  designed  to  match  funds  to 
mission  plans  will  be  addressed. 

Financial  Sector 

The  flow  of  money  is  controlled  in  the  Financial 
Sector.  This  sector  can  be  described  by  four  specific 
activities:  programming,  budgeting,  allocation,  and 
expenditure.  The  demand  for  financial  resources  results 
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from  the  requirement  to  implement  the  force  plan  described 
in  the  previous  section.  The  objective  of  programming  is 
to  link  the  plans  and  mission  requirements  with  demands  for 
available  dollars.  Once  dollars  are  assigned  to  missions, 
a budget  documents  the  formal  request  for  funds  and  the  BOD 
budget  is  forwarded  to  Congress  for  authorization  and  appro- 
priation (66).  Here  the  most  important  debate  occurs:  how 
much  money  for  DOD;  how  much  money  for  non-DOD  programs 
(11)?  The  causal  loop  diagram  in  Figure  4-5  portrays  the 
nature  of  the  trade-offs  and  pressures  between  these  two 
areas . 

Programming  and  budgeting  issues  center  around  the 
process  which  rank  orders  and  consolidates  financial 
requirements.  This  process  is  accomplished  through  a series 
of  reviews  which  aim  to  match  anticipated  dollars  with 
mission  requirements.  Because  requirements  normally  exceed 
financial  resources , some  programs  are  cancelled  or  delayed, 
causing  revision  to  the  force  plan.  The  decisions  to 
remove  or  revise  programs  in  the  force  plan  require  analysis 
of  the  various  programming  and  budgeting  alternatives.  The 
analysis  seeks  to  weigh  the  relative  merits  and  problems 
associated  with  all  the  programs  and  provide  a balanced  plan 
consistent  with  dollar  constraints.  Throughout  the  inter- 
view process,  managers  indicated  that  few  real  trade-offs 
are  evaluated  either  within  or  among  mission  areas  and 


76 


77 


budget;  programs.  Thus,  the  goal  to  provide  balanced 
support  is  seldom  achieved.  The  reasons  provided  for  t e 
lack;  of  trade-offs  within  the  programming  and  budgeting 
cycles  involved  two  specific  areas:  ''1)  the  extensive 
information  provided  to  the  decision-making  body,  and 
2)  the  effect  of  the  changing  system  environment. 

Decision-makers  in  the  corporate  review  structure 
are  provided  with  extensive  data  on  each  program  requiring 
funds.  As  noted  in  the  introduction  of  this  chapter,  one 
manager  received  six  to  eight  times  more  data  than  he  sed 
in  decision-making  (i3).  Because  of  the  sheer  volume  of 
information  provided  during  the  review  proces  , thorough 
evaluations  regarding  program  trade-offs  are  difficult. 

In  order  to  cope  with  the  volume  of  date , only  five  to  ten 
percent  of  the  programs  are  reviewed  extensively.  ~h.ese 
programs  relate  to  the  portion  of  the  priority  list  which 
may  not  he  funded.  In  addition  to  limited  alternatives 
between  programs , there  appeared  to  be  little  resurfacing 
of  initial  development  alternatives  considered  :cr  ndi- 
vidual  programs. 

The  interview  process  also  revealed  that  trade-off 
decisions  are  difficult  due  to  the  chan  ing  need  en\  ron- 
ment.  The  normal  procedures  call  for  a lemhy  decision 
cycle  extending  over  approximately  two  years.  This  cycle 
is  disrupted  when  urgent  requirements  surface.  Financ'd, 
requirements  related  "0  these  urgent  pro  rams  must  be 
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force-fit;  into  the  budget,  leading  to  last  minute  decisions 
with  little  analysis  of  the  impact  on  the  "budget.  This 
last  minute  restructuring  of  priorities  is  further  compli- 
cated by  the  influence  of  program  advocacy  in  the  program- 
ming and  budgeting  cycles.  Several  managers  noted  the 
last  minute  inclusion  of  "gold  watches"  or  "boss  says" 
requirements  into  the  budget. 

Congress  is  responsible  forrthe  debate  that  deter- 
mines the  overall  spending  patterns  required  to  meet 
national  objectives  (11).  The  debate  becomes  difficult 
when  the  economic  conditions  require  financial  sacrifices 
by  some  federal  agencies.  The  results  of  the  debate  are 
specific  appropriations  based  on  the  budget  review. 

Several  managers  indicated  that  the  debate  often  centered 
around  small  derails  relative  to  specific  programs,  rather 
than  the  macro  level  trade-offs  which  should  be  made  in 
Congress.  Although  Congress  must  vote  on  overall  economic 
goals  and  other  key  budget  issues  prior  to  the  appropri- 
ation of  dollars,  information  volume  and  the  dynamic 
environment  create  the  same  problems  as  discussed  for  the 
other  decision-making  organizations  within  the  acquisition 
process.  Thus,  few  real  trade-offs  are  made,  even  at  the 
top  levels  of  the  decision-making  structure. 

Once  the  decisions  are  made  for  the  budget,  it  is 
executed  by  expenditures  resulting  from  allocations  made  to 
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various  components  within  the  government.  The  expenditures 
provide  payment  for  goods  and  services  provided  to  DOD 
through  contract  or  internal  DOD  commitments  (66).  The 
costs  normally  associated  with  the  systems  acquisition 
process  involve  payments  for  contractual  obligations  for 
weapon  systems  development  and  production.  The  causal 
loop  diagram  depicted  in  Figure  4—6  represents  the  relation- 
ships which  exist  between  the  appropriated  dollars , dollars 
on  contract,  and  the  actual  payments  which  result  from  work 
performed. 

For  major  systems  acquisition,  specific  amounts  of 
dollars  are  associated  and  controlled  for  each  individual 
program.  This  control  applies  to  both  research  and  develop- 
ment (R&D)  and  production  and  weapon  systems.  In  other 
areas  such  as  operating  and  support , dollars  are  not 
specifically  identified  to  individual  systems , therefore , 
there  is  a greater  flexibility  in  the  spending  patterns 
within  this  area.  There  is  little  flexibility  within  all 
areas  of  the  system  in  terms  of  funds  transfers  between 
appropriation  categories.  Thus,  research  and  development 
dollars  cannot  be  used  for  production  or  operating  and 
support  dollars  cannot  be  transferred  to  research  and 
development.  This  lack  of  flexibility  creates  problems 
when  urgent  requirements  surface  and  no  funds  are  avail- 
able in  the  designated  appropriation. 
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Figure  4-6 

Financial  Sector — Allocation  and  Expenditure 


One  of  the  primaiy  concepts  within  the  financial 
allocation  and  expenditure  process  is  the  spending  rule. 
Financial,  policy  legislation  does  not  permit  spending  in 
excess  of  total  dollars  available;  however,  the  system  does 
not  reward  organizations  for  saving  financial  resources. 

In  addition  to  this  rule , recent  pressures  for  timely 
obligation  of  dollars 'may  result  in  rushed  contract  devel- 
opment. The  quality  and  the  type  of  contract  determine  the 
overall  expenses  incurred  on  acquisitions  programs;  there- 
fore, adequate  contract  preparation  is  essential  (73). 

Most  research  and  development  programs  use  a cost- 
type  contract.  This  creates  the  potential  for  many  of  the 
risks  involved  with  cost  growth.  Some  of  the  costs  are 
avoidable;  however,  many  are  directly  related  to  the  risks 
involved  in  contracting  for  the  uncertainties  of  research 
and  development  programs.  Many  times,  the  real  reasons  for 
poor  cost  performance  are  not  correctly  interpreted.  The 
cost  growth  may  result  from  contractual  defects , pressures 
from  the  business  environment,  economic  conditions,  as  well 
as  poor  cost  management  by  the  contractor  (30).  As  cost 
growth  occurs  in  one  research  and  development  or  production 
area,  dollars  must  be  made  available  from  other  areas. 

This  may  require  reprogramming  of  funds  if  dollars  exceed 
thresholds  within  DOD.  This  reprogramming  action  requires 
the  approval  of  Congress  or  DOD  depending  on  the  dollar 
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amounts  involved  (66:57-58).  The  problem  of  cost  growth  is 
less  severe  for  operating  and  support  costs.  Anticipated 
payments  are  easier  to  determine;  therefore,  fixed  cost 
contracts  can  he  developed.  This  allows  for  expenses  to 
more  closely  track  contractual  obligations. 

In  summary,  the  financial  allocation  and  expenditure 
portion  of  the  financial,  sector  provides  the  last  link 
between  the  DOD  and  the  national  economy  through  the  pay- 
ments for  goods  and  services  by  DOD.  The  character  of  this 
link  is  established  through  the  contracting  and  financial 
policies  which  exist  in  DOD.  Systems  acquisition  ba.q  a 
significant  effect  on  this  process  because  approximately  ten 
percent  of  the  total  DOD  budget  applies  to  Research  and 
Development  of  new  systems  alone  (68:"I5).  When  production 
costs  are  considered,  the  effect  is  further  amplified. 

Technology  Sector 

Technology  is  one  of  the  basic  ingredients  in  the 
development  of  weapon  systems.  It  provides  the  know-how 
required  to  develop  hardware  and  industrial  processes 
required  for  defense  systems  production  (38:4-2).  The  DOD 
policy  towards  pursuit,  protection,  and  application  of 
technology  impacts  the  economic  activities  and  national 
security  of  the  United  States. 


The  causal  loop  diagram,  for  the  technology  sector  is 
depicted  in  Figure  4-7.  Although  the  total  technology  "base 
continually  grows , within  DOD  the  behavior  is  generally  goal 
seeking.  This  is  due  to  the  technology  or  performance  goals 
established  for  defense  products  and  processes.  As  the  gap 
between  the  existing  technology  and  the  desired  technology 
increases,  greater  amounts  of  pressure  are  placed  on  the 
research  community  to  provide  the  necessary  technology. 

This  characteristic  was  particularly  apparent  in  the  space 
programs  of  the  1960s  which  sought  to  provide  state-of-the- 
art  technology. 

It  is  important  to  recognize  that  the  technology 
goal  is  a key  policy  issue  which  is  currently  receiving  far 
more  debate  than  in  the  past.  The  United  States  has  tradi- 
tionally sought  to  achieve  military  advantages  through  the 
qualitative  aspects  rather  than  the  quantitative  aspects  of 
its  forces.  This  has  been  accomplished  primarily  through 
technological  superiority  of  weapon  systems  (46:42). 
Recently,  there  has  been  a movement  towards  developing  less 
technologically  risky  weapons.  The  A-10  and  the  F-16  air- 
craft are  acclaimed  to  be  a step  in  this  direction  (60). 
Several  studies  have  presented  evidence  that  producing  less 
complex  systems  is  more  cost  effective  and  provides  more 
reliable  results  in  terms  of  performance,  cost,  and  schedule 
plans  (17:25-29;  61). 
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Just  as  the  technology  goal  is  a vital  determinant 
of  the  pressures  for  technology,  the  amount  of  financial 
resources  applied  towards  satisfying  the  technology  goal  is 
also  important.  The  search  for  new  technology  for  DOD  is 
funded  through  the  research  and  development  appropriations. 
As  more  funds  become  available  for  internal  DOD  research 
efforts  and  contracts  in  the  private  sector,  the  search  for 
new  technology  heightens.  Research  for  defense  systems  and 
processes  is  conducted  along  two  lines:  research  aimed  at 
specific  weapon  system  applications  and  research  conducted 
to  maintain,  the  technology  base. 

Eventually,  the  research  efforts  discover  tech- 
nologxeo  applicable  to  DOD  which  go  towards  increasing  the 
total  amount  of  technology  available.  The  result  of  the 
discovery  and  additions  to  technology  relieve  much  of  the 
pressures  established  by  the  original  technology  goal. 

This  goal  seeking  feedback  loop  is  the  primary  loop  within 
the  technology  sector. 

A second  important  issue  in  the  technology  sector 
is  the  role  of  technology  transfer  between  government  and 
commercial  industries  in  the  United  States,  as  well  as 
transfers  among  foreign  countries.  Although  the  causal 
loop  displays  the  technology  transfer  concept  as  a positive 
or  growth  type  loop,  transfers  are  perceived  by  many  as  a 
lopsided  arrangement  with  many  underdeveloped  countries. 
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The  debate  includes  the  degradation  of  national  security 
when  critical  military  technologies  find  their  way  into 
Soviet  and  Warsaw  Pact  hands  (46:42).  On  the  opposite  side 
of  the  technology  transfer  issue,  transfers  of  technology 
to  our  allies  increase  their  abilities  to  fight  because 
the  qualitative  features  of  their  weapons  has  been  enhanced 
and  their  industrial  base  has  been  improved.  In  addition 
to  benefits  for  foreign  countries,  the  export  of  technolo- 
gies is  a big  business  for  U.S.  firms.  Limiting  trade 
would  have  a significant  economic  effect  on  many  multi- 
national companies  (38). 

In  the  past,  transfer  of  new  technologies  normally 
went  from  the  DOD  to  commercial  industries;  however,  more 
technologies  are  being  developed  in  commercial  industries 
before  they  are  applied  to  military  applications.  These 
spin-offs  are  considered  a valuable  resource  for  the 
acquisition  process  and  provide  many  of  the  new  ideas  which 
subsequently  satisfy  needs  (8).  The  technology  search  and 
discovery  cycle  is  also  prompted  by  the  resources  scarcity. 
This  will  be  discussed  more  fully  in  the  resources  sector. 

A final  concept  in  the  Technology  Sector  is  per- 
ceived technological  advancement.  This  is  sensed  by 
research  and  development  planners  and  affects  both  the 
goals  and  the  actual  technical  effectiveness  that  occurs  in 


87 


the  research.,  development , and  product  ion  phases  of  the 
acquisition  process.  The  perceived  advancement  is  a func- 
tion of  the  rate  of  change  in  technology  relative  to  the 
amount  of  technology  that  was  initially  availah  e in  the 
perception  time  period. 

The  estimation  of  the  level  of  technology  recu  red 
for  a weapon  system  is  one  of  the  ma.jor  determinants  in  she 
effort  or  work  required  to  accomplish  the  various  weapon 
system  development  phases.  In  the  next  section  the  appli- 
cation of  technology  to  the  research  and  development  efforts 
in  DOD  are  discussed. 

Weapons  Systems  Research  and  Development  Management 

One  of  the  more  studied  aspects  of  the  DOD  systems 
acquisition  process  is  the  activity  associated  with  research 
and  development  (R&D).  E&D  is  normally  divided  into  three 
distinct,  although  similar  phases  of  work:  conceptual 
effort,  validation,  and  full-scale  development.  These  three 
phases  are  linked  together  hy  the  DSARC  decision-making  net- 
work which  was  addressed  in  the  literature  review  contained 
in  Chapter  2 and  also  in  the  discussion  of  the  Need  Sector 
in  this  chapter.  After  weapons  development  is  complete, 
the  production  phase  begins.  The  decisional  structure  for 
production  is  quite  similar  to  the  structure  for  research 
and  development,  although  the  product  is  more  tangible.  In 
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order  to  avoid  repetition,  many  of  the  concepts  that  are 
contained  in  this  section  will  also  apply  to  production; 
therefore,  only  the  differences  between  research  and  devel- 
opment and  production  will  follow  in  the  Production  Sector 
discussion. 

Two  general  categories  of  actions  and  decision- 
making exist  in  this  portion  of  the  model.  The  firss 
category  focuses  on  the  decision  structure  required  to 
initiate,  approve,  and  fund  R&D  and  production  in  the  PCD. 

The  second  part  develops  the  cause  and  effect  relationship 
which  exists  within  a program  once  it  is  approved  and  funded. 

The  formal  decision  structure  which  existed  to 
review  and  approve  weapon  systems  has  been  addressed 
continually  throughout  this  research.  The  P3AEC  process  is 
captured  in  the  model  by  four  separate  phases  of  activity 
which  are  activated  by  the  DSAkC  and  funding  decisions 
characteristics  of  the  actual  system.  One  of  the  issues 
which  is  of  concern  in  DOD  today  is  that  the  DSASC  and  PPES 
systems  are  not  formally  linked;  therefore,  discontinuity 
and  delay  may  result  if  these  two  processes  do  not  remain 
synchronized  sis  weapons  are  developed  and  produced.  This 
lack  of  coordination  may  also  be  very  costly  due  to  stretch- 
outs or  work  stoppages.  liony  recent  studies  have  suggested 
that  closer  coordination  and  formal  linkage  of  these  deci- 
sional piocesses  he  instituted  in  the  DOE  systems  acquisi- 
tion process  (17?  50). 
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The  basic  objective  of  these  decisional  points  is 
to  determine  whether  the  program  is  perceived  to  have  enough 
merit  or  product  value  to  continue  development  or  production. 
The  causal  loop  diagram  contained  in  Figure  4—8  provides  a 
representation  of  product  value.  The  basic  concept  has  been 
adapted  from  Robert's  model  concerning  R&D  management  (55). 

Two  elements  are  required  in  the  determination  of 
product  value:  costs  and  benefits.  Benefits  are  derived 
from  the  progress  towards  the  R&D  and  production  goals , as 
well  as  the  decision-maker's  perceptions  of  the  urgency  and 
importance  of  the  mission  requirements  and  political  desir- 
ability. Costs  are  measured  by  the  actual  and  anticipated 
expenditures  resulting  from  work  performance.  The  weighting 
of  cost  and  benefits  determine  the  outcome  of  the  decision 
process.  This  process  can  be  compared  to  programming 
activities  addressed  in  the  Financial  Sector;  however,  the 
product  value  assessment  relates  to  one  specific  program 
rather  than  trade-offs  made  between  programs. 

Product  value  is  increased  as  a result  of  increases 
in  progress  or  decreases  in  costs.  This  provides  a means  to 
evaluate  the  performance  of  the  program.  To  this  basis , 
desirability  and  urgency  of  need  are  added.  Although  this 
idea  is  conceptually  supported  by  discussions  with  managers 
in  the  formal  interview  process,  the  actual,  weighting 
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and  measurement  devices  are  vague;  therefore,  completely 
consistent  or  rational  cost  benefit  trade-offs  are  diffi- 
cult. Even  dollar  costs  are  relatively  intangible  when 
evaluated  in  terms  of  life-cycle  expenses. 

Prior  to  any  tangible  performance  measures,  the 
product  value  is  anticipated  based  on  information  about  the 
expected  performance  of  the  program.  This  expectation  is 
captured  not  only  in  the  planned  cost  and  progress  vari- 
ables, but  also  by  the  perceived  urgency  of  need  and 
desirability  elements.  The  interviews  revealed  that  early 
impressions  about  a system  have  a lasting  effect  on  the 
decision-making  environment  even  if  new  information  con- 
flicts with  prior  beliefs. 

As  product  value  increases,  there  is  an  inclination 
to  approve  further  development  or  production  within  the 
DSARC  process.  The  "go"  decisions  represent  a commitment 
for  increases  in  both  planned  progress  and  planned  costs  in 
future  periods.  The  progress  loop  is  characterized  by 
growth — more  progress,  more  product  value,  approval  for 
more  progress.  The  cost  loop  provides  control.  Until 
recently,  this  loop  was  veiy  weak;  however,  affordability 
appeared  to  be  a growing  issue  (33).  The  discussion 
includes  both  current  R&D  and  investment  costs  as  well  as 
life  cycle  costs  incurred  well  after  production  completion. 
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Without  funding,  a program  cannot  continue,  although  it  is 
unrealistic  to  assume  that  all  activities  and  expenses  cease 
immediately. 

Throughout  the  interviews , logistics  managers  noted 
a heavy  bias  to  ignore  the  out  year  effects  of  H&D  decisions. 
This  bias  is  slowly  changing  as  a result  of  recent  initia- 
tives including  Design  to  Cost,  Life  Cycle  Cost,  and  Inte- 
grated Logistics  Support  programs. 

The  final  elements  which  affect  the  perception  of 
product  value  are  urgency  of  need  and  desirability.  Urgency 
is  the  result  of  both  the  size  and  timing  of  the  deficien- 
cies. The  B~1  bomber  and  cruise  missile  decisions  provide 
examples  of  these  concepts.  The  need  for  the  Air  Launched 
Cruise  Missile  became  more  critical  following  the  cancel- 
lation of  the  B-1  bomber.  This  resulted  from  the  lack  of 
desirability  for  the  B-1  bomber  by  many  top  government 
officials,  such  sls  the  Congress  and  the  President. 

Once  a R&D  or  production  effort  is  approved,  the 
program  is  continually  monitored.  The  focal  point  indi- 
vidual is  the  Program  Manager  who  is  responsible  for  the 
majority  of  tasks  related  to  B&D  and  production.  In  addi- 
tion, extensive  requirements  are  placed  on  the  Program 
Manager  to  interface  with  elements  external  to  the  System 
Program  Office  (19). 


The  key  control  mechanisms  within  the  management  of 


Several  studies  have  supported  this  cause  and  effect  rela- 
tionship as  well  as  the  discussions  with  managers  C • 7 5 61). 
Cost  and  schedule  goals  may  only  he  reached  if  technical 
performance  goals  are  reduced.  The  remainder  of  the  dis- 
cussion about  R&D  and  production  management  will  expand 
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this  concept  of  technical  performance,  cost  and  schedule 
into  five  areas: 

1 . Planning  the  level  of  effort , 

2.  Evaluation  of  progress, 

3.  Evaluation  of  costs, 

4.  Adjustments  to  schedule, 

5.  Adjustments  to  costs. 

These  five  areas  are  displayed  graphically  in  Figure  4-10 
for  Research  and  Development  and  Figure  4—12  for  Production 

The  estimated  level  of  effort  depends  on  the  tech- 
nical. complexity,  environmental  and  procedural  constraints, 
magnitude  of  the  task,  and  degree  of  risk  or  uncertainty 
associated  with  the  task  (55).  This  estimate  becomes  the 
basis  for  establishing  targets  for  progress,  project  time, 
and  cost. 

Progress  is  evaluated  continually  as  the  program 
moves  towards  completion.  In  R&D,  the  actual  progress  is 
difficult  to  measure;  therefore,  perceived  progress  becomes 
the  measurement  device  used  to  compare  what  has  been  accom- 
plished to  what  was  planned.  A number  of  formal  reports 
are  used  to  report  progress  to  the  program  management  staff 
however,  progress  is  also  evaluated  more  informally  through 
meetings  and  discussion  with  the  contractor  (19).  As  a 
deviation  from  planned  progress  or  production  is  noticed, 
actions  are  taken  to  adjust  the  progress  rate  in  order  to 
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stay  on  schedule.  Deviations  occur  due  to  many  factors 
involving  estimation  errors , unforeseen  technical,  diffi- 
culties, and  management's  ability  to  provide  the  right 
amounts  of  human  and  non-human  resources  to  the  work  task. 
The  adjustment  for  deviation  involves  two  considerations; 
(1 ) what  progress  rate  is  required;  and  (2)  what  are  the 
cost  implications  relative  to  the  progress  rate?  The 
result  of  this  trade-off  between  cost  and  schedule  depends 
on  management's  bias  and  the  relative  importance  of  both 
cost  and  schedule  penalties  and  constraints.  There  has 
been  a general  bias  towards  maintaining  performance  and 
schedule  goals  at  the  expense  of  cost  (71). 

The  evaluation  of  cost  results  from  the  reporting 
of  expenses  associated  with  the  work  task.  The  rate  of 
planned  progress  is  the  baseline  for  determining  the  cost; 
however,  as  the  progress  rate  is  modified,  the  costs  asso- 
ciated with  the  work  may  be  changed.  Overtime  or  layoffs 
may  be  required  or  overhead  charges  may  change.  The  limit 
on  the  amount  of  funds  available  on  contract  also  effects 
the  decision  to  change  the  progress  rate.  As  costs 
increase,  and  the  amount  of  time  remaining  in  the  program 
decreases,  the  funds  limitation  variable  will  cause  the 
progress  rate  to  slow  down. 
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The  continual  monitoring  of  the  program  provides 
information  required  for  adjusting  schedule  and  cost.  As 
progress  falls  behind  schedule,  there  is  pressure  to  slip 
the  program,  causing  an  increase  in  the  total  project  time. 
If  the  decision  is  made  to  slip  the  milestone,  the  pressure 
to  increase  the  schedule  is  alleviated.  The  decision  to 
approve  a change  in  milestone  decision  is  a function  of  the 
amount  of  time  required,  the  current  progress  and  costs,  and 
the  urgency  associated  with  system  development. 

Pressures  to  change  contractual  cost  occurs  when 
funds  are  used  faster  than  planned.  This  can  he  the  result 
of  formal  changes  in  the  level  of  effort,  cost  estimating 
errors , or  the  deviations  which  result  from  the  changes  in 
the  progress  rate.  The  decision  to  approved  funding 
increases  is  a function  of  the  funds  available  from  other 
programs  and  the  current  progress  performance  of  the  program 
under  consideration.  Many  managers  indicated  that  there  was 
a reluctance  to  spend  "good  money  after  bad",  believing  that 
a program  could  not  recover  from  past  problems.  This  has 
led  to  a number  of  recent  systems  being  cancelled  at  the 
DSAEC  II  and  DSAPC  III  decisional  points  (60). 

In  addition  to  the  impressions  that  follow  a pro- 
gram through  its  life,  the  actual  decisions  concerning  cost 
and  technical  performance  effect  subsequent  phases  of 
development  production,  and  operational  use.  This  is 
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particularly  evident  in.  the  area  of  technical  problems.  If 
a program  experiences  problems  not  corrected  prior  to  start 
of  the  next  development  or  production  phase,  technical  diffi- 
culties will  continue.  Effort  must  still  be  performed  in 
order  to  meet  the  technical  goals — unless  the  program  goals 
are  changed.  Many  systems  do  not  live  up  to  their  expecta- 
tions in  terms  of  performance.  This  is  characteristic  of 
many  operational  systems  today.  Studies  have  shown  (17$  61) 
there  is  a greater  risk  of  technical  problems  when  the 
schedule  is  compressed.  One  of  the  reasons  concurrency  was 
prohibited  was  to  avoid  this  problem.  Technical  problems 
affects  more  than  Just  performance.  Costs  to  correct  prob- 
lems sifter  production  begins  severely  impact  the  life  cycle 
cost  of  the  system.  These  costs  are  incurred  both  in  modi- 
fying the  system  and  also  in  providing  increased  support 
required  when  a system  cannot  be  maintained  at  its  necessary 
level  of  operational  readiness. 

In  summary,  the  research  and  development  process  is 
characterized  by  a series  of  controls.  These  provide  the 
framework  for  achieving  research  objectives  and  provide  the 
groundwork  for  the  production  process. 

Resources  Sector 

The  Resources  Sector  illustrates  the  process  of 
discovery  and  use  of  raw  materials  required  for  the  produc- 
tion of  defense  systems.  The  causal  loop  diagram  (Figure 
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4-11)  depicts  five  feedback  loops  which,  characterize  the 
sector  structure.  The  concept  employed  is  based  on 
Forrester' s application  in  hi  s world  model  (25). 

The  resources  sector  is  goal  seeking  due  to  the 
strong  influence  of  limited  natural  resources.  Resources 
become  less  available  due  to  increased  demands  from  growing 
industrial  populations.  This  creates  the  necessity  to 
search  for  new  resources  and  increase  extraction  rates  for 
existing  resources.  Increased  efforts  eventually  result  in 
new  discoveries  and  increased  resources;  however,  there  is 
a finite  limit  to  this  behavior.  Today,  the  limit  of  the 
oil  reserves  available  to  the  U.S.  is  in  sight,  barring  any 
substantial  discoveries  in  new  oil  frontiers.  The  increased 
efforts  to  produce  more  oil  have  yielded  smaller  and  smaller 
volume  from  existing  pumps  (62:60). 

As  the  supply  of  resources  is  diminished,  use  is 
gradually  decreased  as  the  full  impact  of  resource  shortage 
is  felt.  This  results  from  a delayed  desire  to  conserve 
resources  and  provisions  for  resource  saving  alternatives. 
These  resource  saving  alternatives  are  developed  as  the 
result  of  a call  for  new  technology  to  provide  a know-how 
to  develop  processes  that  can  use  alternate  resources  or 
provide  for  more  efficient  use  of  existing  resources. 

Because  resources  are  limited  and  may  be  unavailable 
to  the  U.S.  except  by  import,  the  protection  of  existing 
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resources  and  nuturing  of  political  alliances  with  resource 
rich  countries  has  become  an  increasingly  important  policy 
issue.  Today,  the  United  States  is  almost  completely  depen- 
dent on  other  countries  for  several  primary  ingredients  for 
our  industrial  processes.  If  the  supplies  were  shut  off,  a 
significant  disruption  would  occur  in  our  current  indus- 
trial base.  Diplomacy  has  been  the  preferred  way  to  develop 
and  maintain  supply  lines;  however,  recent  events  in  the  Mid 
East  indicate  that  political  alliances  are  not  necessarily 
the  answer  to  all  our  resource  problems.  Alliances  change 
daily. 

It  is  projected  that  as  resources  become  less 
available  for  all  users  or  the  political  situation  degrades 
resource  supplies  to  the  U.S. , greater  allocations  of 
existing  resources  will  be  provided  to  defense  production 
in  order  to  protect  those  resources  which  are  available  for 
U.S.  use  (45:281).  Although  this  is  conjecture,  the  recent 
events  concerning  U.S.  storage  of  oil  for  defense  lend  sup- 
port for  this  hypothesis. 

The  role  of  resources  in  the  industrial  processes 
required  to  produce  weapon  systems  has  not  played  an 
important  role  in  the  decision-making  process  relative  to 
acquisitions  until  the  last  decade.  Resource  considerations 
are  projected  to  become  increasingly  important  factors  in 
the  U.S.  ability  to  access  specific  raw  materials  and  to 

control  the  economic  impact  of  scarce  resources. 
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As  noted  in  the  Research,  and  Development  Sector,  the 
system  characteristics  which  exist  in  production  are  similar 
to  those  addressed  for  R&D.  Only  the  differences,  additional 
detail,  and  production  issues  will  he  discussed  in  the  sec- 
tion. The  purpose  of  the  Production  Sector  is  to  combine 
the  technology,  raw  materials,  and  financial  resources  with 
the  output  of  the  research  and  development  effort.  This 
merging  of  inputs  provides  the  basis  for  the  production 
process.  As  noted  from  Figure  4—12,  the  process  structure 
is  quite  similar  to  the  relationships  which  exist  in  the  R&D 
phases.  One  of  the  differences  is  the  input  of  significant 
quantities  of  material  resources.  Limited  supply  of  some 
raw  materials  can  constrain  or  alter  production  processes 
as  noted  in  the  discussion  of  the  Resource  Sector. 

Another  difference  between  the  R&D  and  the  produc- 
tion processes  is  the  tangibility  of  the  output  production. 
For  production,  the  assembly  and  final  delivery  of  weapon 
systems  are  much  more  visible  than  the  achievement  of 
development  concepts  within  the  early  stages  of  R&D. 

Because  of  this  increased  tangibility,  more  top  level 
management  review  wan  noted.  This  is  also  due  to  the 
relative  increases  in  costs  as  systems  are  approved  for 
production.  The  result  of  senior  management  attention 


103 


Capability  (9) 


104 


i 


appears  to  create  a tighter  control  network  around  the 
production  process,  hut  it  also  increases  the  information 
demands  on  the  program  management  staff.  As  Pox  (26) 
noted  that  the  public  relations  and  formal  briefing  process 
create  a large  drain  on  the  program  manager's  time  available 
for  actual  management  of  the  production  task. 

ihe  defense  industry  is  the  element  within  this 
system  which  actually  produces  the  weapon  systems.  One  of 
the  assumptions  for  the  model  is  that  adequate  production 
facilities  exist  within  the  defense  industries.  Many 
individuals  have  supported  this  assumption  (28;  31),  noting 
the  over-capacity  which  currently  exists  in  the  peacetime 
environment.  Despite  this  apparent  over-capacity,  several 
concerns  have  been  voiced  about  the  condition  and  ability 
of  the  industrial  base  to  respond  quickly  to  wartime  demands 
(64).  This  concern  requires  further  analysis;  however,  it 
was  not  considered  within  the  scope  of  this  research. 

The  conceptual  model  of  the  production  process  does 
contain  several  elements  which  provide  greater  detail  than 
in  the  research  and  development  phases.  The  learning  curve 
concept  is  included  to  represent  the  efficiencies  which 
relate  to  the  learning  process  as  production  continues 
(26:156).  The  effect  of  the  learning  curve  is  to  reduce  pro- 
duction flow  time  as  more  systems  are  produced.  This  must 
be  considered  in  developing  the  production  schedule. 
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Production  schedules  are  also  different  than  those 
in  research  and  development  due  to  the  ability  to  measure 
actual  quantities  of  systems  rather  than  the  achievement  of 
research  and  development  tasks.  Many  managers  noted  that 
the  schedule  becomes  a device  used  in  the  programming  cycles 
for  adjusting  total  force  requirements  to  meet  financial, 
constraints.  Thus,  many  schedules  are  lengthened  when  finds 
run  short,  or  conversely,  schedules  are  accelerated  if 
urgent  threats  exist.  The  schedule,  coupled  with  the 
abilities  of  the  production  process,  determines  the  delivery 
rate  of  operational  systems  to  the  operating  commands . The 
next  section  will  describe  the  relationships  which  exist  in 
the  operational  environment  within  BOD. 

U.S.  Operations  Sector 

The  U.S.  operations  sector  provides  one  of  the  basic 
feedback  mechanisms  for  the  systems  acquisition  process.  In 
this  sector,  needs  for  support  are  generated  and  capablities 
are  determined  by  the  employment  of  weapon  systems.  The 
sector  is  divided  into  two  general  parts.  The  first  part 
deals  with  the  inventory  flow  within  the  operational  system. 
The  second  part  deals  with  the  capability  in  formation  that 
results  from  the  condition  of  the  various  inventories.  The 
causal  loop  diagram  contained  in  Figure  4-13  provides  a 
framework  for  discussion. 
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The  inventories  within  this  sector  include  both 

operational  and  non-op er at ional  systems.  The  primary  goal 

: is  to  maintain  a desired  percent  of  the  systems  in  opera- 

u 

tional  condition.  This  goal  becomes  a measurement  device 
or  standard  for  the  commands  to  compare  to  actual  opera- 
tional experience.  The  result  of  this  comparison  is  an 
adjustment  to  the  relative  pressures  for  support.  In 
addition  to  command  review  of  operational  performance, 
other  organizations  involved  with  reviewing  and  approving 
support  plans  and  new  acquisition  programs  use  this  as  a 
measurement  of  operational  performance. 

Systems  are  delivered  to  operations  from  the  pro- 
duction sector.  Once  the  systems  reach  the  field,  they  are 
jj  used  to  meet  the  planned  operating  program  established  for 

| each  unit.  As  the  weapons  are  operated,  failures  and  aging 

of  the  fleet  occurs.  The  systems  deficiency  variable  is 
| used  to  capture  both  the  failure  and  aging  characteristics, 

in  addition  to  the  inherent  design  problems  existing  in  new 
equipment  delivered  from  the  Production  Sector.  As  the 
systems  deficiencies  increase,  more  systems  become  non- 
operational,  creating  a demand  on  repair  and  support.  This 
pressure  intensifies  as  more  and  more  systems  are  incapable 
of  meeting  their  assigned  mission,  creating  a request  for 
additional  support. 
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In  tiie  Air  Force,  support  costs  have  increased  three 
times  since  19 64  (67);  therefore,  costs  related  to  operating 
and  support  are  becoming  more  a concern  of  top  decision- 
makers  within  all  areas  of  the  DOD  system  (57).  In  acqui- 
sition, the  trend  to  consider  the  effects  of  design  on  the 
downstream  costs  is  becoming  more  apparent  from  both  the 
beliefs  and  actions  within  the  acquisition  systems.  Although 
the  actions  are  sincere,  the  difficulties  involved  with 
estimating  and  measuring  the  pertinent  costs  and  benefits 
are  different.  This  wan  described  in  the  discussion  on 
product  value. 

One  manager  (42)  within  acquisition  expressed  a 
concern  for  the  increasing  age  of  U.S.  operational  forces. 
This  results  from  a lengthening  of  system  life  cycles , with- 
out timely  provisions  for  replacement  systems.  Many  of  the 
operational  forces  have  far  exceeded  their  planned  opera- 
tional life.  This  results  in  increased  support  costs. 

A final  issue  within  this  sector  discussion  is  the 
ability  of  DOD  to  measure  readiness.  As  noted  in  earlier 
discussions,  the  percent  of  systems  which  are  operational 
provides  one  of  the  most  often  used  measurement  devices 
of  operational  capabilities.  This  measure  is  rather  short- 
sighted in  that  it  doe3  not  address  the  abilities  to  meet 
sustained  wartime  mission  requirements  through  the  use  of 
equipment,  spares,  and  personnel  support.  Throughout  this 
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research.,  the  lack  of  adequate  measures  for  operational 
capabilities  and  readiness  were  noted.  Although  these 
concepts  are  complex,  it  is  important  to  know  the  general 
ability  of  the  operational  system  in  order  to  provide  use- 
ful estimates  of  needs. 

Allied  Sector 

The  role  of  allied  defense  in  supplementing  U.S. 
military  strengths  draws  on  both  DOD  production  and  opera- 
tional systems.  In  addition,  the  many  allies  develop  their 
own  internal  defense  industry. 

The  acquisition  system’s  role  in  allied  support  has 
expanded  significantly  in  the  last  two  decades.  The  major 
growth  of  U.S.  military  support  to  our  allies  began  at  the 
conclusion  of  World  War  II  when  U.S.  resources  were  used  to 
restore  political  and  economic  stability  (62:41).  Today, 
each  contract  proposal  submitted  for  a major  systems  acqui- 
sition includes  a section  describing  relevant  NATO  indus- 
tries and  opportunities  for  co-production  (8).  Because  of 
the  increasing  importance  of  allied  defense  to  the  DOD 
acquisition  process,  the  policies  that  apply  to  this  sector 
must  consider  the  careful  balance  of  military,  economic, 
and  foreign  affairs. 

The  structure  of  the  allied  sector  (Figure  4—14) 
is  believed  to  be  a simplified  version  of  the  U.S.  system. 
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Allied  Sector 


Based  on  the  allied  perception  of  threat,  enemy  intent,  and 
U.S.  support,  needs  for  weapon  systems  are  determined. 

These  needs  can  he  satisfied  through  in-countiy  production 
of  weapons  or  through  the  transfer  of  arms  from  the  United 
States.  Arms  transfers  result  from  the  request  and  approval 
of  Po reign  Military  Sales  (IMS)  agreements  with  allied 
nations.  Normally  nations  rely  on  the  U.S.  for  arms  when 
adequate  industrial  capability  is  not  available  within 
country  or  when  the  country’s  weapons  do  not  satisfy  the 
deficiency.  Industrial  nations  also  seek  to  share  or  con- 
tinue development  of  their  capabilities  by  Jointly  pro- 
ducing weapons  with  the  U.S.  This  is  called  co-production. 
The  P-16  fighter  aircraft  is  the  most  recent  large  scale 
co-production  program  involving  a partnership  arrangement 
between  the  U.S.  and  foreign  nations.  The  benefits  resulting 
from  co-production  arrangements  include  the  sharing  of  a 
portion  of  the  acquisition  costs , increased  standardization 
of  weapon  systems  and  closer  economic  ties  (8).  Standard- 
ization within  NATO  is  also  a separate  policy  goal  currently 
receiving  much  attention.  Increased  use  of  standard  parts 
enhances  U.S.  and  allied  ability  to  combat  the  Warsaw  Pact 
threat  (64-). 

The  increase  in  capabilities  for  U.S.  allies  lessens 
the  overall  threat  that  both  the  U.S.  and  its  allies  per- 
ceive from  the  enemy.  This  relieves  some  of  the  pressures 


on  the  DOD  acquisition  process  to  produce  weapons.  Many 
reports  stated  that  the  role  of  the  U.S.  as  a world  power 
is  declining.  This  is  placing  a strain  on  U.S.  alliances, 
resulting  from  doubt  of  true  U.S.  intentions  to  provide 
support  to  its  allies.  This  lack  of  assurance  of  U.S.  sup- 
port may  eventually  cause  a shift  in  alliances,  impacting 
the  relative  threats  that  the  U.S.  must  counter  through  the 
production  of  arms  (62:39). 

The  motivations  which  cause  shifts  in  political  and 
economic  alliances  are  related  to  the  concept  of  quality  of 
life  discussec.  in  the  Political  Sector.  The  needs  for  both 
military  and  economic  security  appear  to  play  an  important 
role  in  the  policies  that  effect  political  alliances  and 
military  support  for  allied  nations.  As  allied  demand  for 
U.S.  weapons  increases,  world  diplomacy  enters  into  the 
considerations  of  DOD  acquisition  policy. 

Enemy  Sector 

The  final  sector  in  the  conceptual  model  is  the 
Enemy  Sector  depicted  in  Figure  4—1 5.  Although  this  sector 
is  the  briefest  in  detail,  omission  of  the  concept  repre- 
sented would  remove  the  major  stimulus  to  the  acquisition 
system — enemy  threat.  This  threat ■ affects  the  activities 
within  both  the  U.S.  and  allied  defense  systems. 

Perceived  threat  is  the  driving  factor  in  the  pro- 


duction of  arms.  This  threat  is  a function  of  the  relative 

113 


capabilities  and  intent  factors  based  on  evaluations  of  the 
U.S.  and  allied  systems.  As  tbe  enemy  senses  threat  from 
these  two  areas,  more  weapons  are  input  into  production  and 
ultimately  provide  increased  enemy  capability  and  decreased 
deficiencies  within  the  enemy  sector.  This  goal  seeking 
aspect  of  the  system  is  represented  in  the  causal  loop 
diagram.  The  implicit  loop  tying  this  sector  to  the  others 
in  the  system  provides  the  initiative  for  the  growth  beha- 
vior characteristic  of  the  arms  race.  As  noted  in  the 
introduction  to  this  chapter,  the  control  mechanism  on  the 
arms  race  results  from  the  resource,  financial,  techno- 
logical, and  political  constraints  placed  on  the  svstem. 

The  model  assumes  that  the  basic  underlying  struc- 
ture existing  in  U.S.  and  allied  systems  also  applies  to  the 
enemy  system.  Although  the  basic  relationships  within  the 
enemy,  U.S.  and  allied  systems  aire  believed  to  be  similar, 
the  motives  and  relative  magnitude  of  response  differ  as  a 
result  of  the  political  philosophy  and  economic  systems. 
Smith  noted  a large  difference  in  national  pride  between 
the  U.S.S.R.  and  the  U.S.  (53:118).  This  difference  is 
reflected  by  the  fact  that  the  U.S.S.R.  spends  more  than 
11  percent  of  its  Gross  Rational  Product  on  military  defense, 
whereas,  the  U.S.  invests  only  five  percent  (10). 
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The  differences  "between  the  U.S.  and  enemy  philo- 
sophy may  lead  to  slightly  different  perceptions  of  the 

actual  intentions  and  motivations  within  "both  the  military  i 

and  political  environment.  Luttwak  noted  that  the  Soviets 
perceive  a military  advantage  due  the  sheer  numbers  of 
forces  and  equipment  they  have  in  comnarison  to  the  United 

/ 

States  (44).  The  concept  of  perception  also  plays  an 

j 

important  role  in  interpreting  the  intent  to  use  force.  In 
times  where  U.S.  intent  has  been  mistaken,  the  enemy  has 
sought  to  use  force  in  order  to  take  advantage  of  a situ- 
ation, often  resulting  in  military  conflicts  (39). 

Conclusion 

In  this  chapter  the  first  resolution  of  the  weapon 
systems  acquisition  process  was  presented.  The  key  issues 
and  goals  of  the  system  and  the  various  sectors  within  the 
system  were  discussed.  These  discussions  were  based  on 
Information  from  both  the  literature  review  and  interviews 
conducted  with  key  managers  within  the  acquisition  process. 

With  this  work  as  the  basis  of  the  system  dynamics  model, 
the  next  chapter  develops  these  concepts  into  the  flow 
diagrams  and  equations  necessary  to  computerize  the  system 
and  e:xp>eriment  with  changes  to  structure  and  policy. 
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Chapter  5 

THE  MATHEMAT I CAL  MODEL  OP  THE  DOD 
SYSTU1S  ACQUISITION  PROCESS 

Introduction 

The  flow  diagrams  and  mathematical  equations  for 
the  acquisition  policy  model  are  presented  in  this  chapter. 
Each  of  the  sectors  is  described  by  one  or  a series  of 
diagrams  which  depict  the  flows  of  material,  money,  or 
information  throughout  the  system.  These  diagrams  and  the 
equations  provide  greater  detail  and  structure  to  the 
system..  The  discussion  will  include  the  supporting 
rationale  for  the  equations  and  functions  developed  within 
the  model.  This  discussion  is  intended  to  supplement  the 
system  concepts,  relationships , and  issues  presented  in 
Chapter  4.  The  relationships  portrayed  in  the  mathematical 
equations  represent  the  general  concepts  and  beliefs  dis- 
covered during  the  research. 

The  presentation  ajproach  will  apply  the  system 
dynamics  symbology  introduced  in  Chapter  3.  Each  sector 
will  be  discussed  by  flow  diagrams  and  corresponding 
equation  sets.  The  flow  diagram  symbols  each  contain  a 
variable  name,  symbol,  and  equation  number.  The  equation 
numbers  are  prefixed  with  a two  character  alpha  code  which 
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corresponds  to  the  sector  names.  For  example,  FN  denotes 
financial  and  PO  denotes  political.  The  equations  are 
developed  in  the  DYNAMO  simulation  language  notation.  Only 
the  level,  rate,  and  auxiliary  equations  are  developed.  For 
interested  readers,  a complete,  documented  listing  of  the 
model  is  contained  in  Appendix  C. 

The  model  developed  from  the  flow  diagrams  is 
intended  to  focus  on  one  mission  area.  No  provisions  were 
made  to  consider  the  impact  or  relationships  between  dif- 
ferent mission  area  requirements  in  need  identification. 

This  represents  the  real  system  process  in  that  few  trade- 
offs are  made  outside  of  one  mission  area  except  on  funding 
issues.  The  model  does  provide  visibility  of  the  various 
funding  categories  required  for  research  and  development, 
investment,  operations  and  support.  Because  of  the  sequen- 
tial approach  to  both  weapon  system  development  and  funding 
decisions , the  three  research  and  development  phases  and 
the  fiscal  funding  cycle  were  explicitly  developed.  This 
created  a degree  of  repetition  in  the  model  structure  which 
will  be  avoided  in  the  discussion;  however,  the  repetition 
was  necessary  to  fully  represent  the  decisional  structure 
which  existed. 

Political  Sector 

The  informational  flows  within  the  political  sector 
provide  the  basis  for  the  general  environment  that  impacts 
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the  systems  acquisition  process.  In  the  previous  chapter 
the  Political  Sector  was  described  as  the  integration  pro- 
cess in  which  the  U.S.  balanced  the  demands  for  military 
international,  and  economic  considerations  in  national 
policy.  This  section  focuses  on  four  distinct  parts  of  the 
political  system:  the  impact  of  international  relations, 
economic  issues,  general  support  for  DOD,  and  specific 
support  for  DOD  acquisitions.  The  political  process  which 
determines  the  nature  of  the  various  pressures  is  defined  by 
the  information  structure  within  the  political  environment. 
Because  of  this,  the  variables  developed  in  the  model 
relate  to  the  rates  and  levels  within  other  sectors , pro- 
viding the  important  linkage  of  the  DOD  systems  acquisition 
process  with  the  political  environment. 

The  first  portion  of  the  political  sector  addresses 
the  international  environment.  The  flow  diagram  which 
represents  the  international  environment  is  depicted  in 
Pigure  5—1-  Two  specific  areas  are  involved:  enemy  threat 
and  alliances.  Both  concepts  are  the  result  of  political 
intuit . Spector  (59)  developed  a method  of  determining 
political  intent  by  analysis  of  trends  in  the  day-to-day 
relations  between  two  nations.  Two  general  categories  were 
used  to  classify  events:  the  tone  of  the  event  and  the 
intensity  of  the  action.  This  concept  was  employed  to 
establish  the  military  intentions  of  the  U.S. , allied,  and 
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Political  Sector — International  Relations 


enemy  defense  systems  within  the  model.  The  measure  of  tone 
is  represented  "by  the  threat  that  a nation  perceives.  The 
amount  of  threat  determines  the  intensity  of  intentions.  As 
threat  increases,  the  intent  to  use  force  also  increases. 

The  relationship  is  illustrated  in  Figure  5-2. 


Intent 


Figure  5- -2 


Threat  is  evaluated  through  time  and  is  not  immediately 
updated.  The  trend  of  events  determines  the  actual 
political  intent  that  a nation  perceives.  This  is  repre- 
sented in  the  following  equations. 


A USIMT.K=TABHL(USINTT,SPTHR.Kt#»2» .2) 

T USIIITT=«/#/§/l/,l/. 8/1. 25/1. 97/2. 35/2. 5/2. 6 

A SPTHR .K=USURCF . K*SUR ( USPTHR . K) / 128 

A IJSDWSL . K=USD£SW*TABHL  (USDWST , SPTHR . K . 0 » 2 r . 2 ) 

T USDHSTs.2/ .2/. 2/. 35/. 55/. 8/. 92/1/1. #5/ 1.1/ 1.1 

MOTE  US I NT  US  INTENT 

NOTE  SPTHR  SMOOTHED  PERCEIVED  THREAT 
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NQTE  USURGF  US  URCENCT  FACTOR 

XOTE  USOUSL  US  DESIRED  WEAPON  STSTEHS  LEVEL 


The  other  portion  of  the  threat  equation  concerns  the 
relative  differences  that  exist  between  U.S.  capability 
and  capabilities  of  the  allies.  The  determination  of 
threat  is  one  of  the  major  drivers  in  the  U.S.  needs  process, 
as  well  as  allied  and  enemy  defense  systems.  Similar  con- 
cepts are  employed  for  the  determination  of  allied  and 
enemy  threat. 

The  second  aspect  of  the  international  environment 
concerns  the  military  ties  which  result  from  foreign 
military  sales  and  co-production.  These  relationships 
reduce  U.S.  and  allied  deficiencies  and  also  strengthen 
diplomatic  relations.  The  equations  which  relate  to  the 
international  aspects  of  the  political  environment  are: 


A IJSPTHR.  K (HOI  = (EINT.K-AINT.K)4USDEF.  KINO) 

A USCQPA . K=CLIP ( M t A INT . K4SPTHR . K i , 8 1 


NOTE 

USDESN 

US  DESIRABILITY  TO  BUILD  WEAPONS 

NOTE 

USPTHfl 

US  PERCEIVED  THREAT 

NOTE 

EINT 

ENENT  INTENT 

NOTE 

AINT 

ALLIED  INTENT 

NOTE 

USDEF 

US  DEFICIENCY 

NOTE 

USCQPA 

US  COPRODUCTION  AGREEMENT 

NOTE 

SPTHR 

SMOOTHED  PERCEIVED  THREAT 
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Perceived  threat  is  one  of  two  determinants  of  the 
quality  of  life  concept  discussed  in  Chapter  4.  The  quality 
of  life  variable  ties  the  international  and  economic  situa- 
tions together.  The  economic  system  within  the  political 
sector  is  depicted  in  Figure  5-3.  Quality  of  life  is  a 
function  of  both  threat  and  the  general  economic  conditions 
in  the  U.S.  In  the  model,  Gross  National  Product  was  used 
to  represent  the  state  of  the  U.S.  economy.  As  economic 
conditions  improve,  the  quality  of  life  increases.  The 
equations  that  represent  this  concept  are  given  below. 

A 80L.K=TABHL(9LHTtGNP,K/SPTHR.Kiit5tll 


NOTE 

QOL 

QUALITY  OF  LIFE 

NOTE 

GNP 

GROSS  NATIONAL  PRODUCT 

NOTE 

SPTHR 

SHOOTHED  PERCEIVED  THREAT 

L GNP . K = GNP . J+DT*  I GNPGR . OK ) 

R GNPGR. KL=.fl3 
A BUD.K=FBRQHT.K*BRF 

NOTE  FBRQHT  FEDERAL  BUDGET  REQUIREMENTS 

NOTE  BUD  FEDERAL  BUDCET 

A NDODD . K= BUD . K»PBMD . X 

A PBND . K= TABHL  ( BUDT . NDDMD  .K'ftli.l) 

A DQDD.K-BUD.K+PBDOD.K 


A PBDOD . K=1 -PBND . K 

NOTE 

NDODD 

NON-DOD  DDOLLARS  APPROPRIATED 

NOTE 

PBND 

PERCENT  BUDGET  TO  NON-DOD 

NOTE 

NDDHD 

NON-DOD  DEHAND 

NOTE 

DODD 

DOD  DOLLARS  APPROPRIATED 

NOTE 

PBDOD 

PERCENT  BUDGET  TO  DOD 

A FBR9HT . K=BRF+ (DDHD , K+NDDND . K) 

A DDHD . K=SUH (FTDP1 . K) +SUH ( F TDP2 . K ) +SUN ( FT0P3 . K ) 

A NDDHD .K-GNP. K»GNPGR . JKiTABHL ( NDOOT .QOL . K . «.3 . . 3) 

T ND0DT=2.5/2.1/1.5/l.Z/.3&/.47M2/.2t/.15/.li 
NOTE  BRF  BUDGET  REDUCTION  FACTOR 

NOTE  DDHD  DOD  DEHAND  FOR  DOLLARS 

In  this  model,  the  interaction  of  the  economy  with  the 
systems  acquisition  process  was  not  defined.  The  focus 
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was  to  show  the  effect  of  economic  conditions  on  the  acqui- 
sition process;  not  to  show  the  acquisition  process'  effect 
on  the  economy.  With  this  intent , the  economic  state  is 
assumed  to  be  given  in  the  model. 

The  third  concept  within  the  political  sector  is 
the  pressures  which  determine  the  general  funding  support 
for  DOD  programs.  The  general  mood  of  the  nation  towards 
DOD  is  partially  determined  by  the  perceived  threat.  If 
threat  is  small,  there  is  less  desire  to  build  weapon 
systems.  This  is  related  to  the  quality  of  life  concept 
discussed  previously.  Support  of  DOD  is  also  influenced 
by  the  general  performance  of  DOD  in  terms  of  cost  and 
performance.  If  past  performance  in  DOD  has  been  poor, 
there  is  a reluctance  to  support  DOD  requests  for  funds. 

The  final  consideration  which  determines  the  general 
support  for  DOD  is  the  specific  desires  of  the  top 
decision-makers  within  the  political  system.  Presidential 
and  congressional  goals  for  national  policy  influence  the 
support  provided  to  DOD.  The  flow  diagram  which  depicts 
the  general  support  structure  for  DOD  programs  is  contained 
in  Figure  5-4-.  The  system  equations  which  relate  to  the 
diagram  are; 
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Figure  5-4- 

Political  Sector — General  Support  for  DOD 


A DODSP .K= (PRESSF . K+CONGSF . K+PSOD , K ) +USDWSL . K*ELTRH . K 
A PSOD.K=TABHL(POPST»QOL.K»«»3» .3) 

T P0PST=2. i/1. 99/1. 98/1, 87/1. 45/1. A/1.05/. 85/. 83/. 8 


NOTE 

DODSP 

SUPPORT  FOR  DOD  IN  GENERAL 

NOTE 

PSDO 

POPULAR  SUPPORT  FOR  DOD 

NOTE 

PRESSF 

PRESIDENTIAL  SUPPORT  r ACTOR 

NOTE 

CONCSF 

CONGRESSIONAL  SUPPORT  FACTOR 

NOTE 

IJSDUSL 

US  DESIRED  WEAPON  SYSTEMS  LEVEL 

NOTE 

ELTRH 

ELECTION  YEAR  MULTIPLIER 

In  addition  to  general  support  for  DOD  programs, 
pressures  are  amplified  for  a specific  program  by  the 
desires  and  demands  of  several  factions  in  the  U.S.  The 
relationship  of  the  factors  which  affect  specific  program 
support  are  area  benefits,  general  DOD  support,  lobbyist 
pressure,  and  desirability  of  the  new  weapon  system. 

Lobbyist  pressure  is  measured  by  the  state  of  the  economy 
using  Gross  National  Product  and  the  technical,  complexity 
of  the  new  weapon  system.  Technical  complexity  is  used  to 
capture  the  desire  on  the  part  of  industry  to  reach  or 
maintain  a lead  role  in  the  defense  industry.  As  more 
complex  weapon  systems  are  requested,  the  chance  to  work  on 
new  concepts  which  may  lead  to  extended  DOD  business  and 
product  spinoffs  leads  to  increased  support  for  DOD  programs. 
The  equations  which  relate  this  concept  to  the  flow  diagram 
contained  in  Figure  5-5  are  given  below. 
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A NWSO . K=TABML (MWSDT •NWSP.K>#t3» . 3 > +DODSP . K 
T NWSDT* .2/ .2/.2/.33/.5/.72/.85/.94/1/1.85 
A NWSP.K=CWSF4CRPA.K+PWSF*PRPA.I< 


NOTE 

NUSD 

MEN  WEAPON  SYSTEMS  DESIRABILITY 

NOTE 

NWSP 

NEW  WEAPON  SYSTEMS  PERFORMANCE  FACTOR 

NOTE 

CUSF 

COST  WEIGHTED  SUPPORT  FACTOR 

NOTE 

PWSF 

PERFORMANCE  WEIGHTED  SUPPORT  FACTOR 

MOTE 

CRPA 

COST  RATIO  PLANNED  TO  ACTUAL 

NOTE 

PRPA 

PERFORMANCE  RATIO  PLANNED  TO  ACTUAL 

A CSPTRD . K ( 1 ) = TABHL  < GSPTT 1 » NUSO . K t « » 1 , . 1 ) 

A CSPTRD . K (2 ) = TABHL ( GSPPT2 , SPTHR . K , 0 , 2 » . 2 ) 

T CSPTTh. 8/. 82/. 83/. 85/. 86/. 91/.  99/1. 1/1. 3/1. 5/2.# 
A GSPTIN .Kill =TABHL ( CSPTT 1 , MUSD . K »# . 1 » . 1 ) 

A CSPTIM. K (2>  *TABHL (GSPTT2 » SPTHR .K » 0 • 2 1 . 2) 

T CSPTT2=2.l/l.5/1.3/l.t/.99/.91/.86/.85/.83/.82/.81 
A GSPTQS . K ( 1 ) * TABHL ( GSPTT 1 » MUSD . K » # - 1 . . 1 ) 

A GSPTOS . K ( 2 ) * T ABHL ) GSPTT2 , SPTHR . K , # . 2 » . 2 ) 

MOTE  CSPTRD  GOVERNMENT  SUPPORT  FOR  R&D  PROGRAMS 

MOTE  GSPTIN  GOVERNMENT  SUPPORT  FOR  INVESTMENT 

NOTE  GSPTOS  GOVERNMENT  SUPPORT  FOR  OiS 

NOTE  SPTHR  SMOOTHED  PERCEIVED  THREAT 

T LOBBT-2/1. 99/1. 9/1. 8/1. 47/1. 5/1. 37/1. 25/1. 14/1.1 
A LPF .K=TABHL (LOBBY » GNPGR . JK/TCF . K » # » 2 . . 2 ) *ABF 


In  summary,  tlie  political  sector  integrates  the 
four  factors  of  international  environment , economic  condi- 
tions, general  support  for  DOD,  and  specific  support  for 
DOD  programs  into  a consolidated  plan  to  promote  national 
goals.  Two  of  these  goals  are  based  on  providing  adequate 
economic  and  military  security.  The  threat  that  is  per- 
ceived determines  the  inclination  of  the  political 
system  to  recognize  and  approve  mission  needs  that  are 
developed  by  the  Services.  In  the  next  sections,  the 
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process  within  DOD  that  identifies  and  evaluates  mission 
needs  that  result  from  the  perceived  threat  is  described. 

Need  Sector 

Threat  is  a function  of  both  intent  and  capability 
to  employ  weapon  systems.  The  need  sector  consolidates  the 
information  that  links  threat  to  mission  analysis  and  then 
to  capability.  In  this  sector,  the  concepts  of  identifying 
a deficiency,  evaluating  alternative  methods  to  meet  the 
deficiency,  and  planning  force  structure  and  budget  require- 
ments are  defined. 

The  flow  diagram  contained  in  Figure  5-6  portrays 
the  mission  area  analysis  portion  of  the  determination  of 
needs.  Three  factors  influence  the  system  alternatives. 

The  first  factor  is  the  deficiency  that  exists  in  a given 
mission  area.  This  process  begins  with  the  identification 
of  the  total  deficiencies  which  result  from  a comparison  of 
the  relative  capabilities  of  the  U.S. , its  allies,  and  the 
enemy.  A nation's  capability  is  strongly  influenced  by  the 
number  and  quality  of  current  and  planned  weapon  system 
inventories.  The  quality  factor  is  a function  of  the  tech- 
nological advantages;  availability  of  facilities,  equipment, 
and  spares  support;  and  the  skills  and  flexibility  of  the 
workforce.  As  the  capability  comparison  occurs  for  both 
short-term  and  long-range  planning  periods,  a portion  of 
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Figure  5-6 

Need  Sector — Mission  Area  Analysis 
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rhe  total  deficiency  is  allocated  to  the  U.S.  This  allo- 
cation is  a function  of  the  international  relations  between 
the  U.S.  and  its  allies.  As  alliances  weaken,  the  U.S. 
must  assume  greater  amounts  of  the  total  deficiency  iden- 
tified in  the  needs  planning  process.  The  equations  which 
relate  to  the  capability  and  deficiency  analysis  are: 


A DSC AP . K ( N 0)  = ( USO . K+WSN . K«USP . X+SUHV  < PLAN . X I * ) > 1 . T (NO ) » ) * 


NOTE 

JSO 

NEAPON  STSTENS  OPERATIONAL 

NOTE 

USN 

WEAPON  STSTENS  NON- OPERATIONAL 

NOTE 

PLAN 

PLANNED  FORCE  LEVELS 

NOTE 

USCPUS 

US  CAPABILITT  PER  *EAP0N  SYSTEM 

NOTE 

LEF 

LOGISTICS  EFFECTIVENESS  FACTOR 

I USCPUS.X»LEF.KiNOI 

A UADEF, K (NO) : 

:£CAP.K(N0)-USCAP.X (NO) -ACAP, KINO) 

NOTE 

ECAP 

ENENT  CAPABILITT 

NOTE 

ACAP 

allied  capability 

NOTE 

USCAP 

US  CAPABILITT 

A IJSDIF . K ( «0  > =«AX  ( ? .UADEF . K ( «0 ) +US0PCT . K ) 

A USDEF . K ( HO)  =MAX  I i i IJSDI F , K ( HO ) +USDE5W) 

A USDPCT . K= 1 - ADPCT . K 

A USDEF. K (NO) *«AXI«. USD1F. XINOHUSDESU) 

NOTE  UADEF  US/ALLIED  COMBINED  DEFICIENCT 

NOTE  USDIF  US  DIFFERENCE  IN  CAPABILITY 

NOTE  USDEF  US  DEFICIENCT 

NOTE  USDPCT  PERCENT  OF  DEFICIENCT  TO  US 


The  second  part  of  needs  determination  is  the 
evaluation  of  urgency  relative  to  each  mission  requirement. 
Urgency  is  a function  of  the  time  until  the  deficiency  will 
exist  in  the  operational  forces.  If  a short-term  deficiency 
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exists,  the  urgency  of  the  requirement  increases.  The 
equations  which  relate  to  this  concept  are  given  below: 

L A USURC. K= URGENCY (USDEF.K) 

A USURGF .K=7ABIE IEUGT i USURC . K . i . ! 20 . 1 * I 

NOTE  USURC  US  URGENCY -TINE  IN  MONTHS  TIL  FIRST  DEFICIENCY 


As  deficiencies  are  identified,  tne  process  of 
evaluating  system  alternatives  to  resolve  the  imbalance  in 
military  capabilities  begins.  The  decisional  process  is 
influenced  by  the  magnitude,  urgency,  and  the  current 
capability  which  exists  or  is  expected  from  procurement  or 
development  of  additional  system  hardware.  Pour  general 
categories  are  considered  within  the  model.  They  are: 
increasing  support  for  existing  systems , modifying  existing 
inventories,  investing  in  additional  weapons  in  production 
or  development,  and  developing  new  weapon  systems. 

The  evaluation  considers  the  cost,  schedule,  and 
performance  implications  of  each  alternative.  The  flow 
diagram  contained  in  Figure  5-7  represents  this  process, 
although  the  specific  decisional  variables  are  not 
explicitly  depicted  on  the  diagram.  Each  of  the  altern- 
atives will  be  discussed  as  it  relates  to  the  decision 
process.  The  process  involves  a cost  comparison  of  feasible 
alternatives.  Alternatives  are  judged  feasible  if  they  meet 
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the  desired  performance  level  required  to  satisfy  the  defi- 
ciency within  the  appropriate  timeframe.  Costs  relate  to 
"both  explicit  and  implicit  values  associated  with  each 
system  alternative.  The  explicit  costs  are  tangible  amounts 
associated  with  such  elements  as  procurement  or  training. 

The  implicit  costs  are  much  more  difficult  to  evaluate. 

They  result  from  the  relative  values  that  managers  place  on 
specific  alternatives  regarding  risks,  pay-off,  or  personal 
preference.  These  implicit  costs  can  he  represented  by  the 
adjustment  of  the  constants  in  the  model  in  order  to  change 
the  relative  differences  between  alternatives. 

The  alternative  to  increase  support  of  existing 
systems  considers  the  costs  associated  with  raising  support 
to  achieve  the  desired  capability.  Information  about  cur- 
rent system  operations  is  used  as  a basis  for  the  decision. 
As  the  gap  between  current  and  desired  capability  widens  or 
the  capability  goal  exceeds  100  percent,  this  alternative 
becomes  .infeasible.  In  the  model,  the  costs  of  increasing 
capability  grows  ignificantly  when  capability  goals  are 
high  or  beyond  the  physical  ability  of  the  system.  For 
smaller  increases  in  capability,  the  support  option  is 
considered  the  least  expensive  and  most  responsive  means 
to  meet  deficiencies.  The  equations  in  the  model  are  used 
to  determine  the  costs  associated  with  increasing  the 
capability  from  the  current  rate,  expressed  as  percent  of 
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systems  operational  to  that  percent  required  to  satisfy  the 
deficiency.  The  option  is  rejected  if  the  number  of  weapons 
needed  to  fill  the  deficiency  exceeds  the  number  available. 
For  example,  if  100  operational  systems  were  required  and 
only  75  existed,  this  alternative  would  be  rejected.  The 
equations  which  relate  to  this  are: 


A VALT 1 .K=SUH  (USDEF  .K)  / (ORDM*L)SCPWS . K) 

A SCHF1 . K=CLI P (0 » 1 iSCHEDl iUSURGF.K) 

A COSTFi . K=CLIP ( 1 1 TFSL . K » COST 1 . K) 

A C0ST1.K=TABHL(C$TIT 1NEWORR.K18.81 1 . t .02) 

T CST1T: 10/20/30/40/ 100/300/550/ 1200/ 1E4/1 .E4 

A NEMORR.K-MNdtDORR.K) 

A DORR. K= (VALT 1 .K+HSO.K) / (WSO.K+WSN.K) 

A DC1.K=C0STF1.K»$CHF1.K 


NOTE 

VALT  I 

VALUE  OF  ALTERNATIVE  1 

MOTE 

SCHF1 

SCHEDULE  FACTOR 

NOTE 

COSTFI 

COST  FACTOR 

NOTE 

C0ST1 

COST  OF  ALTERNATIVE  1 

NOTE 

TFSL 

TOTAL  FORCE  SYSTEMS  LEVEL 

NOTE 

NEUOR 

NEW  OPERATIONAL  READ! (OR)  RATE 

NOTE 

DORR 

DESIRED  OR  RATE 

NOTE 

DC  1 

DECISION  CONTROL  OPTION  #1 

The  modification  alternative  is  reviewed  in  terms 
of  the  expected  Increase  in  both  performance  and  life  of 
the  weapon  system.  Both  of  these  effects  add  to  the  quality 
aspect  of  capability.  The  performance  increase  is  set  as 
a constant  value  in  the  model,  however,  this  can  be  adjusted 
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to  show  the  effects  of  varying  degrees  of  modification.  The 
expected  increase  in  performance  is  compared  to  the  system 
deficiency  to  determine  if  the  alternative  is  feasible.  If 
the  deficiency  cannot  he  satisfied,  the  alternative  is 
rejected.  The  cost  and  schedule  factors  for  modification 
are  computed  for  feasible  solutions.  The  decision  criterion 
becomes  the  costs  related  to  the  increased  capability.  This 
is  used  to  compare  to  other  alternatives.  The  equations 
applicable  to  the  modification  alternative  are  given  below. 


A VALT2.K=U$CPUS.K+M0DK 
A SCHF2 .K=CLIP  <0r 1 r SCHED2 » USURGF.K) 

A C0STFl.K=CLIP(MiTFSl.K»C0ST2.K) 

A MODC . K= TABLE (MODFT i HODK r 0 1 1 M » 1 0 ) 

A MODF . K=SM1 TCH ( 0 1 MODK  * DC2 . K) 

A NSTSM.K=H1N( (HSO.K+USN.K) .SUH(USDEF.K) /VALT2.K) 

A COSTZ . K=T  ABHL  (CSTZT  > NSTSPI . K 1 0 1 1 000 1 i 00)  «N0DC . K 

A DC2.K=C0STF2.K*SCHF2.K 

T CSTZTM00/200/300/400/600/840/1100/1500/U40/1700/1750 
T M00FT=1/1/1/1/1. 15/1. 35/1. 58/1. 8/2. *5/2.2/2.24 


NOTE 

VALT2 

VALUE  OF  ALTERNATIVE  2 

NOTE 

SCHFZ 

SCHEDULE  FACTOR 

NOTE 

C0STF2 

COST  FACTOR 

NOTE 

NO  DC 

MODIFICATION  COST  FACTOR 

NOTE 

HOOF 

MODIFICATION  FACTOR 

NOTE 

NSTSN 

NUMBER  OF  SYSTEMS  TO  BE  MODIFIED 

NOTE 

COSTZ 

COST  Of  ALTERNATIVE  2 

NOTE 

DC2 

DECISION  CONTROL  OPTION  02 

NOTE 

TFSL 

TOTAL  FORCE  SYSTEMS  LEVEL 
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The  third  alternative  evaluates  the  costs  required 
to  produce  more  of  the  weapons  already  in  production  or  in 
the  inventory.  Cost  associated  with  this  alternative  con- 
sider the  investments  cost  related  to  production,  including 
production  line  preparation.  If  the  production  line  is 
still  in  operation,  costs  relating  to  line  preparation  are 
minimal.  For  systems  already  out  of  production,  costs  are 
higher.  The  number  of  years  since  the  last  weapon  was 
produced  is  evaluated  to  determine  this  cost.  Costs  and 
schedule  factors  are  computed  for  the  desired  number  of 
weapons  needed  to  fill  the  deficiency,  and  these  are  com- 
pared to  the  other  alternatives.  The  equations  to  find  the 
cost  of  buying  more  weapon  systems  are  given  below. 


A SCHF3 . K=CL  IP  ( 0 . 1 . SCHED3 1 USURGF . K) 

A COSTF3.K=CLIP(li0iTFSL.K>COST3.K) 

A VALT3.K=NEUCAP.K 
A NEUCAP.K=PPV3.K 
A DNOUS. KINO) =U£DEF .K (HO) /VALT3 .K 

A D3.K=SCHF3.K*C0$TF3.K 
A C0ST3 . K=SUM ( DNOUS . K) *USC0ST . K*AGEH.K 

A ACEH . K=TABLE ( ACFT , PLAGE . K , 0 , 1 20 . 1 2) 

T AGFT=1/1/1. 1/1 .3/1.6/1 .8/1 .?9/2. 1/2. 18/2.22/2.25 


MOTE 

SCHF3 

SCHEDULE  FACTOR 

MOTE 

C0STF3 

COST  FACTOR 

NOTE 

VALT3 

VALUE  OF  ALTERNATIVE  3 

NOTE 

NEUCAP 

CAPABILITY  OF  NEU  HEAPON  SYSTEM  PRODUCED 

NOTE 

DNOUS 

DESIRED  NUMBER  OF  OLD  UEAPON  SYSTEMS 

NOTE 

PPV3 

PERCEIVED  PRODUCT  VALUE  FROM  PRODUCTION 

NOTE 

C0ST3 

COST  OF  ALTERNATIVE  3 

NOTE 

USCOST 

COST  OF  US  UEAPON  SYSTEM 

NOTE 

ACEH 

PRODUCTION  LINE  ACE  MULTIPLIER 

NOTE 

PLACE 

PRODUCTION  LINE  AGE 
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Finally,  the  new  weapon  system  alternative  considers  those 
costs  associated  with  developing  and  producing  a totally  new 
weapon  system.  The  expected  cost  of  this  alternative 
includes  many  costs  not  applicable  to  the  other  alternatives. 
Therefore,  the  relative  costs  is  considered  to  be  higher  to 
represent  research  and  development  expenses.  Current  policy 
indicates  this  alternative  should  be  selected  only  when  no 
other  feasible  alternative  exists  (33)-  In  the  research 
effort,  it  was  noted  that  this  is  not  always  the  case. 

This  indicates  that  management  normally  places  a low  implicit 
cost  on  alternatives  that  lead  to  pursuit  of  new  weapon 
systems  and  that  the  benefits  are  assumed  to  be  large.  The 
equations  which  determine  the  expected  costs  are  given 
below. 


A SCHF4 .K=CLIP (I* 1 * SCHED4 » USURC. K) 

A CO$TF4.K=CLIPIIi0iTFSL.KiCOST4.K) 
A VALT4.K:l«i 

A DNNUS . K (MO ) :US0£F . K ( MO ) /VALT4 . K 
A D4.K=SCHF4.K*C0STF4.K 
A C0ST4 .K=SUH ( DNNUS . K) *PC  1 .K 


NOTE 

SCHF4 

SCHEDULE  FACTOR 

NOTE 

C0STF4 

COST  FACTOR 

NOTE 

VALT4 

VALUE  OF  ALTERNATIVE  4 

NOTE 

DNNUS 

DESIRED  NUMBER  OF  NEW  WEAPON  STSTEHS 

NOTE 

C0ST4 

COST  OF  ALTERNATIVE  4 

NOTE 

PCI 

PERCEIVED  COST  OF  NEW  WEAPON  STSTEM 

NOTE 

TFSL 

TOTAL  FORCE  STSTEHS  LEVEL 
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Once  the  cost,  schedule,  and  performance  factors  for  each 
alternative  are  weighed,  the  altemative(s)  required  to 
meet  the  deficiency  are  selected.  The  decision  criterion 
is  least  cost.  Schedule  is  considered  in  the  force  planning 
part  of  needs  determination.  If  urgent  requirements  are 
identified,  supplemental  funding  requests  may  he  required 
in  order  to  counter  the  deficiency  more  rapidly  than  if  the 
normal  planning  cycle  were  used.  The  requests  for  supple- 
mental funds  can  he  noted  from  the  flow  diagram  contained 
in  Figure  5-7.  Other  alternatives  that  are  selected  become 
part  of  the  force  plan.  This  plan  contains  the  number  of 
forces  and  funding  amounts  required  for  plan  implementation. 
Inputs  to  the  plan  are  made  in  the  annual  planning  cycle. 

The  equations  which  relate  to  the  force  plan  are  given  below. 

A TFSL.K=SUH(FTDP3.K) /USCOST.K 
R FP1INR.KL<1) =SMITCH(#.CNRD.K»DC4.K) 

R FP1INR.KL1214TDPRDC 
R RP1 INR.KL (2 ) =FTDPC*RDC 
R FP2INR.KL11) =SUITCH(0.COST4.K,WSD3.K) 

R FP2 IMR . KL  ( 2)  =S*4I  TCH  (0  > C0ST3  .K»  DC3  .K) 

R FP3INR.KL(1)--NWSP.K»C0ST.K 
R FP3INR.Kl(Z)=FTDP3.KI2)40SOC0STl.K+C0ST2.K 
NOTE  TFSL  TOTAL  FORCE  SYSTEMS  LEVEL 
NOTE  FP-INR  DOLLAR  REQUEST  INPUT  TO  FTDP 
NOTE  COST-  COST  OF  ALTERNATIVE  t- 
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MOTE  FTDP3  FIVE  TEAR  DEFENSE  PLAN  OtS  REQUEST 
A RDSUPP.K ( 1 ) =SHITCH(0»RSUP1 .KiRSUPAF.K(l)) 

A RDSUPP . K 1 2 1 = SU I TCH ( » . RSUP2 . K . RSUPAF . K ( 2 ) ) 

A INSUPP.K(l)=SHITCH(0f ISUPl.NiISUPAF.K(l) ) 

A INSUPP.KI2) =SHITCH(0i ISUP2.K» ISUPAF.K12) ) 

A OSSUPP.K  1 1 ) =SH I TCH ( 0 » OSUP1 . K i OSUPAF . K ( 1 ) ) 

A OSSUPP . K ( 2 ) =S U ITCH ( 8 . 0SUP2 . K . OSUPAF . X ( 2 ) ) 

A RSUP l ,K=CNRB .K» ( 1 -SCHF ^ .K) *SUPF . K 

A RSUP2.K=0 

A ISUP1 ,K=COST4 . K+ ( l -SCHF4 . K) *SUPF . K 
A ISUP2.K=C0ST3.K*(1-$CHF3.K)*SUPF.K 
A 0$UPl.K:NUSP.K*C0ST.K»(l-SCHF3.K)*$UPF.K 
A 0SUP2 .K=  CCOST1 ,K+C0ST2.K)*$UPF .K 
A SUPF .K^SUITCH ( 1 t • • SCHFI . K+SCHF2 .K+SCHF3 .K+ 

I SCHF4.K) 


NOTE 

RDSUPP 

RiD  SUPPLEMENTAL  REQUEST 

NOTE 

1NSUPP 

INVESTMENT  SUPLEMENTAL  REQUEST 

NOTE 

OSSUPP 

OtS  SUPPLEMENTAL  REQUEST 

NOTE 

RSUP 

RID  SUPPLEMENTAL  AMOUNT  REQUESTED 

. NOTE 

1SUP 

AMOUNT  OF  INVESTMENT  SUPLLEMENT 

NOTE 

OSUP 

AMOUNT  OF  OtS  SUPPLEMENT 

NOTE 

SUPF 

SUPPLEMENT  NECESSITY  FACTOR 

NOTE 

RSUPAF 

APPROVAL  OF  RtO  SUPPLEMENT 

NOTE 

ISUPAF 

APPROVAL  OF  INVESTMENT  SUPPLEMENT 

NOTE 

OSUPAF 

APPROVAL  OF  OtS  SUPPLEMENT 

The  result  of  the  system  alternatives  process  estab- 
lishes the  plan  used  to  acquire  additional  inventory,  or 
maintain  the  systems  already  in  the  U.S.  inventory.  This 
is  only  the  first  part  in  the  Planning,  Programming,  and 
Budgeting  System  (PPBS).  The  Financial  Sector  provides  the 
continuation  of  this  process  and  shows  the  transition  from 
mission  requirements  to  dollars  required  in  specific  appro- 
priations. 
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Financial  Sector 


In  this  section,  the  model  was  developed  to  show  the 
flow  of  funds  and  information  which  relates  to  funding 
decisions.  Three  categories  of  funds  exist  within  the 
model:  research  and  development,  inves  ment , and  operating 

and  support  funding.  Although  these  categories  are  not 
completely  representative  of  the  budget  appropriations, 
they  provide  the  degree  of  detail  necessary  to  capture  the 
behavior  of  the  system.  Within  each  funding  category,  two 
levels  exist.  The  first  level  applies  to  one  specific 
weapon  system  under  review.  The  second  level  applies  to  all 
other  systems  which  compete  for  funding  within  the  partic- 
ular funding  category.  Equations  which  are  similar  to 
other  levels  of  funding  categories  will  only  be  discussed 
cnce  using  the  Research  and  Development  dollar  flow  as  the 
example. 


The  first  group  of  equations  correspond  to  the  flow 

diagram  contained  in  Figure  5-8. 

L FYDP1 .K(IB) =FTDP1 . J< IB)+DT*(FP1 INR. JK( IB) -FPIOR.JKIIB) ) 

R FP10R.KK  IB)  =RDRQT.K(I8> 

NOTE  FYDP1  RID  EXPENDITURES  PLANNED  IN  THE  FTDP 

NOTE  FP1I NR  RID  COSTS  INPUT  TO  THE  FTDP 

NOTE  FP10R  RID  COSTS  FUNDED  FROM  THE  FTDP 

NOTE  RDROT  R&O  FUNDS  REQUIREMENT 

L RDRB.KII8)=RDRB.  JUBl+DT+IRDMDR.JKlIBI-RREDR.  JKIIBI I 
R RDHDR.KL(IB)=RDRQT.K(IB) 

R RREDR.KL(I3)=RDAR.JK(IB) 


NOTE 

RDRB 

RID  DOLLARS  REQUESTED  IN  THE  BUDGET 

NOTE 

RDMDR 

RID  DEMAND  RATE 

NOTE 

RREDR 

RID  DEMAND  REDUCTION  RATE 

NOTE 

RDRQT 

RID  FUNDS  REQUIREMENT 

NOTE 

RDAR 

RID  ALLOCATION  RATE 
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A RDRQT . K ( 13)  =FTDP1  .K  ( 13)  +PULSE  ( 1 » 1 1 . 12)  •►RDSUPP . K 1 1 B ) 

NOTE  RDR8T  RiD  FUNDS  REQUIREMENT 

NOTE  FTDP1  R&D  EXPENDITURES.  PLANNED  IN  THE  CTDP 

NOTE  RDSUPP  RiD  SUPPLEMENTAL  REQUEST 

The  Five  Tear  Defense  Plan  (PTDP)  contains  the  level 
of  forces  and  estimated  dollars  required  to  implement  the 
force  plan.  This  level  is  increased  by  the  plans  that  are 
created  in  the  process  and  is  reduced  by  rhe  process  which 
updates  the  PTDP  annually.  The  PTDP  requirements  become  the 
input  to  the  budget  reouest.  The  level  of  research  dollars 
requested  in  the  budget  is  determined  by  the  demands  for 
research  and  development  dollars  and  the  amount  of  the  total 
demand  which  is  satisfied  as  the  budget  proceeds  through  the 
various  review  levels.  The  demand  rate  is  a function  of 
both  the  amount  contained  in  the  PTDF  plus  any  adjustments 
made  to  supplement  the  original  decision.  These  adjustments 
are  called  supplemental  requests.  Decisions  which  influence 
the  budget  request  occur  at  specific  times  within  the  fiscal 
year.  The  decisions  result  from  the  dollar  amounts  within 
each  level  and  the  pressures  which  result  from  the  changing 
system  environment.  The  requirement  for  research  and 
development  dollars  is  based  on  the  plans  established  in  the 
PTDP.  Annually.,  these  plans  are  formulated  in  a request. 
Similarly,  the  actual  dollar  appropriation  is  a function  of 
the  level  of  funding  requested  in  the  budget.  Por  research 


and.  development , the  equations  which,  determine  the  amount 
and  result  of  pressure  for  a specific  appropriation  are 
given  "below: 


A PRDD.K(IB)=GSPTRD.K(IBMRDRB.K(IBI 

NOTE  PROD  PRESSURE  FOR  R4D  DOLLARS 

NOTE  GSPTRD  GOVERNMENT  SUPPORT  FOR  R&D 

NOTE  RDRB  RID  DOLLARS  REQUESTED  IN  'HE  BUDGET 

R RDAR.KL(IB):PRDD.K(I8)*PULSE(M!tt2) 

NOTE  RDAR  RSD  APPROPRIATION  RATE 

NOTE  PROD  PRESSURE  FOR  RiD  DOLLARS 


The  actual  appropriation  of  dollar's  contained  in  the  "budget 
depends  on  the  pressure  for  research  and  development  dollars 
(PHDD).  This  pressure  results  from  "both  the  magaitude  of 
the  "budget  request  as  well  as  from  government  support  for 
research  and  development  programs. 

The  system  structures  for  investment  and  operating 
and  support  funding  are  identical  to  the  structure  for 
research  and  development.  The  flow  diagrams  and  the  sys- 
tems equations  which  apply  to  these  funding  categories  are 
contained  in  Appendix  C. 

In  addition  to  the  discussion  of  the  separate 
funding  categories,  the  equations  which  apply  to  the  total 
DOD  budget  (DDRB)  follow. 


L DDRB . K 1 1 B) -DORB . J ( !8) *DT*  < DDHDR . JK ( I B I - DREDR . UK ( I B I ) 
R DDMDR . KL ( I B) =RDRQT . K ( I B ) ♦ IR9T . K (I B i ♦ORQT . K 1 1 B ) 

R DREDR.KL(IB)=RDAR.JK(IB)+IDAR.jK(lB)*OSDAR.JKIIB) 
NOTE  DDRB  DEFENSE  DOLLARS  REQUESTED  IN  THE  BUDGET 

NOTE  DDHDR  DEFENSE  DEMAND  RATE 

NOTE  DREDR  DEFENSE  DEMAND  RED  "ION  RATE 
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MOTE 

R0R9T 

RID  FUNDS  REQUIREMENT 

NOTE 

ORQT 

04$  FUNDS  REQUIREMENT 

NOTE 

IRQT 

INVESTMENT  FUNDS  REQUIREMENT 

NOTE 

ROAR 

R4D  APPROPRIATION  RATE 

NOTE 

I OAR 

INVESTMENT  APPROPRIATION  RATE 

NOTE 

OSDAR 

04S  APPROPRIATION  RATE 

The  DOD  "budget  (figure  5-9)  is  the  sum.  of  the  dollars 
requested  for  the  three  funding  categories.  The  information 
about  the  DOD  budget  is  used  in  the  political  sector  to 
determine  the  characteristics  of  the  federal  budget. 
Decisions  are  made  annually  according  to  the  fiscal  year 
cycles  established  by  law. 

The  appropriation  and  expenditure  of  research 
dollars  is  depicted  in  the  flow  diagram  contained  in  figure 
5-10.  In  this  section  of  the  financial  sector,  some  of  the 
equations  differ  between  the  two  levels  within  the  funding 
categories.  Whenever  possible,  variables  which  apply  to 
the  first  level  were  placed  on  the  upper  portion  of  the 
flow  diagram  and  equations  for  the  second  level  were  placed 
on  the  lower  portion  of  the  diagram.  The  model  assumes  that 
transfers  between  these  two  levels  are  possible’  however,  no 
provision  for  transfers  between  funding  categories  is 
developed  in  the  equation  system.  Transfers  of  funds 
between  appropriation  categories  is  not  a common  practice 
in  the  real  system.  The  first  group  of  equations  are: 


FBRQMT 


PO-17 


Figure  5-9 

Financial  Sector — DOD  Budget 
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I 'res  sure 
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Financial  Sector — Allocation  and  Expenditure 


RDA.K(P)=RDA.J(P)+DTt(RDAR.JK(P)-RDQR. JKIPI+RRPR. JK(P> ) 
RRPR . KL ( 1 ) =CPC 1 . K+CPC2 . K+CPC3. K 
RRPR . KL ( 2) = - < CPC 1 . K+CPC2 . K+CPC3 . K ) 

RDOR . KL  ( 1 ) =TPRC . K*RDOSWI  .KID 
RD0R.KLI2) - (RDA,K(2)*APRF,X)«RD0SUI .X(2) 

RESEARCH  DOLLARS  APPROPRIATED 
R&D  APPROPRIATION  RATE 
RESEARCH  DOLLARS  OBLIGATION  RATE 
RESEARCH  REPROGRAMMING  RATE 
TOTAL  PLANNED  RESEARCH  COSTS 
CHANGE  IN  PLANNED  COSTS 
RESEARCH  DOLLARS  OBLIGATION  SWITCH 


NOTE 

RDA 

NOTE 

RDAR 

NOTE 

RDOR 

NOTE 

RRPR 

NOTE 

TPRC 

NOTE 

CPC 

NOTE 

RDOSUI 

The  level  of  research,  dollars  available  for  DCD 
spending  is  based  on  the  amount  of  research  dollars  appro- 
priated annually,  the  rate  research  dollars  are  obligated, 
and  the  rate  that  research  dollars  are  reprogrammed  from 
other  programs.  As  weapon  system  plans  are  developed,  the 
estimated  dollars  required  to  implement  the  plan  are  obli- 
gated on  a contract.  These  dollars  are  obligated  at  the 
time  that  the  contract  is  signed.  The  obligation  rate  has 
a switch  to  ensure  that  obligations  do  not  exceed  the  total 
research  dollars  appropriated  for  a given  program  or  level. 
For  the  second  level,  a less  detailed  approach  was  used  to 
develop  system  equations.  The  obligation  rate  is  based  on 
desires  to  spread  spending  throughout  the  year.  An  appro- 
priation fraction  is  used  to  determine  the  amount  of  time 
remaining  in  the  year  in  order  to  provide  stable  spending 
patterns  as  the  fiscal  year  proceeds.  Reprogramming  of 
research  dollars  involves  transferring  funds  from  one 
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account  to  another.  In  this  model,  level  two  dollars  are 
transferred  to  level  one  if  the  decision  is  made  to  approve 
a change  in  planned  costs  for  one  of  the  research  and  devel- 
opment phases.  Several  self-explanatory  auxiliary  equations 
apply  to  the  previous  equation  set.  They  are: 


A RPF.KsSUITCH(0t 1 • RDA.K ( 1 ) ) 

A RDOSUI .K (P) =SUITCH(0f 1 » RDA.K (P) ) 

NOTE  RPF  RESEARCH  PROGRAM  FUNDING 

NOTE  RDA  RESEARCH  DOLLARS  APPROPRIATED 

NOTE  RDOSUI  RESEARCH  DOLLARS  OBLIGATION  SNITCH 

A APRF.K=TABLE (APRFT  >FYTINE.K»l»12»l) 

T APRFT=1.0/.5/.33/.25/.2/.167/.143/.125/.lll/.l/.091/.#83 
A TPRC . K=TPC01 . K+TPC02 .K+TPC03.K 
A TPC01.K-(TPC1.K*USD1.K*D$UI1.K)+CPC1,K 
A TPCQ2.K=TPC2.K*USD2.K»DSUI2.K+CPC2.K 
A TPC03 . K=TPC3 . K*USD3 . K*D$HI 3 . K+CPC3 . K 


NOTE 

TPRC 

TOTAL  PLANNED  RESEARCH  COSTS 

NOTE 

TPCO 

TOTAL  PLANNED  COSTS  OBLIGATED (BT  PHASE) 

NOTE 

USD 

WEAPON  STSTEN  DEVELOPMENT  DECISION 

NOTE 

DSUI 

DOLLAR  SWITCH (BY  PHASE) 

NOTE 

CPC 

CHANCE  IN  PLANNED  COSTS 

NOTE 

FTTIHE 

TINE  IN  FISCAL  TEAR 

Work  on  research  and  development  programs  cannot 
■begin  without  funding  and  a signed  contract.  A switch 
function  is  used  to  note  the  availability  of  funds.  If 
funds  are  exhausted,  work  must  stop  until  additional 
funding  is  obtained  or  the  program  is  cancelled.  To  ensure 
that  funds  are  not  over  obligated,  continual  monitoring  of 
funding  status  occurs.  Funds  are  obligated  as  total 
planned  costs  are  determined  and  placed  on  research  and 
development  contracts.  Costs  are  developed  from  the 
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original  estimates  of  planned  costs  and  any  changes  which, 
are  approved.  The  dollar  switch  and  weapon  system  decision 
switch  ensure  that  the  total  planned  costs  are  obligated 
only  once — on  the  first  day  of  a research  and  development 
phase. 


The  second  section  of  equations  focuses  on  the  level 

of  research  dollars  on  contract  (RDOC). 

L RDOC . K ( P ) = RDOC . J ( P ) +DT*  I RDOR . JK  ( P ) -RDPR . JK ! P ) ) 

R RDPR.KL(l) =RDPSWI .K ( 1 ) * (DELAT3 (CRR1 . JK.RDPRD) +DELAT3 (CRR2 . JKr 
\ RDPRD)+DELAT3(CRR3. JKiRDPRD) ) 

R RDPR.KL (2) =DELAY3(RD0R. JK 12) iRDPRDI 
NOTE  RDOC  RESEARCH  DOLLARS  ON  CONTRACT 

NOTE  RDOR  RESEARCH  DOLLARS  OBLIGATION  RATE 

NOTE  RDPR  RESEARCH  DOLLARS  PAYMENT  RATE 

NOTE  RDPSN1  RESEARCH  DOLLAR  PAYMENT  SNITCH 

NOTE  CRR  COST  REPORTING  RATE (BY  PHASE) 

NOTE  RDPRD  RESEARCH  DOLLARS  PAYMENT  RATE  DELAY 

A RDPSNI.K(P) =SNITCH(#r 1 rRDOC.K (P) ) 

NOTE  RDPSNI  RESEARCH  DOLLARS  PAYMENT  SNITCH 

NOTE  RDOC  RESEARCH  DOLLARS  ON  CONTRACT 


The  level  of  dollars  on  contract  is  increased  by  obligations 
that  result  from  signing  or  amending  contracts.  The  level 
is  reduced  as  payments  are  made  for  contractual  work.  These 
payments  are  normally  made  as  progress  towards  the  final 
product  is  achieved.  As  costs  are  reported  from  the  work 
accomplished  in  a research  and  development  project,  progress 
payments  are  paid  to  the  contractor.  The  payment  rate  for 
level-two  contracts  is  simply  expressed  as  a delay  function 
representing  the  average  time  necess any  to  complete  work 
related  to  a research  and  development  contract.  A payment 
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switch,  ensures  that  payments  do  not  exceed  the  amount  of 
dollars  on  contract.  Contract  amendments  are  required  if 
cost  expenditures  exceed  the  amount  of  dollars  obligated  to 
the  contract. 

The  flow  diagrams  and  equation  set  for  investment 
funds  is  very  similar  to  research  and  development  funding. 
The  difference  is  that  only  the  production  sector  provides 
the  input  concerning  costs.  The  flow  diagram  and  the  system 
equations  are  contained  in  Appendix  C. 

The  operating  and  support  funds  structure  is  also 
similar  to  the  other  funding  categories.  However,  several 
differences  were  included  in  the  model  because  there  is  less 
visibility  and  control  over  costs  in  this  area.  This  allows 
for  more  flexibility  to  transfer  funds  between  levels  by 
means  of  reallocation  rather  than  by  reprogramming.  Real- 
location  does  not  require  such  extensive  a review  and 
approval  cycle,  therefore,  more  flexibility  exists.  Opera- 
ting and  support  funds  are  reallocated  based  on  the  decision 
to  transfer  monies  between  two  or  more  programs.  This 
decision  is  based  on  the  magnitude  of  the  requirement , the 
dollar  availability  from  other  programs,  and  the  mission 
area  importance  related  to  the  funding  reallocation  request. 
The  result  of  this  decisional  process  determines  the  percent 
of  dollars  that  will  be  reallocated. 
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Strategic-level  managers  have  little  visibility  and 
control  over  costs  directly  related  to  operation  and  support 
of  specific  weapon  system  programs,  Their  primary  informa- 
tion is  presented  in  aggregate  form  rather  than  by  system. 

At  this  level,  the  objective  is  to  provide  support  through- 
out the  year  by  ensuring  that  spending  is  fairly  stable. 

When  problems  occur  in  one  program,  first  the  monies  allo- 
cated to  that  specific  program  are  expenc^d,  accelerating 
demands  for  funds.  After  the  assigned  source  of  funds  is 
exhausted,  reallocation  from  other  programs  may  occur. 

The  flow  of  funds  directly  affects  the  activities 
that  DOD  can  pursue.  In  the  acquisition  process  one  of  the 
firat  set  of  costs  is  related  to  the  search  for  technology 
in  order  to  maintain  the  technology  base  and  meet  specific 
goails  resulting  from  needs. 

Technology  Sector 

The  Technology  Sector  flow  diagram  depicted  in 
Figure  5—11  shows  the  flow  of  technology  through  the  system. 
The  level  of  technology  is  measured  in  terms  of  the  present 
technology  beise.  Using  an  index  of  one  hundred  as  a 
reference  point,  the  level  increases  or  decreases  as  the 
system  moves  through  time.  The  following  equations  and 
discussion  describe  the  system  flow  of  technology. 
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TECH . K=TECH . J+DT*  ( TIR . JK -7LR . JK) 

R TIR.KL=TECH.K*(CROWTH.X+TDFS.K) 

R TLR.K=$HOQTH (GROWTH. K*TLFD) 

NOTE  tech  technology  available 

NOTE  TIR  TECHNOLOGY  INPUT  RATE 

NOTE  TLR  TECHNOLOGY  LOSS  RATE 

NOTE  CROWTH  GROWTH  FACTOR 

NOTE  TDFS  TECHNOLOGY  DISCOVERY  FRACTI ON < SMOOTHED ) 


The  level  of  available  technology  (TECH)  is  increased  by  the 
inputs  to  technology  from,  research  and  development  and  indus- 
trial. growah  throughout  the  world,  as  well  as  by  specific 
pressure  to  meet  technology  goals  set  by  DOD.  Technology  is 
lost  as  time  passes  and  technology  becomes  obsolete.  As  the 
rate  of  input  to  technology  increases , the  aging  process  auLso 
accelerates.  This  is  due  to  the  accumulation  of  many  new 
technologies  which  replace  or  overshadow  previous  techno- 
logical achievements. 

The  second  set  of  equations  pertains  to  the  pressures 

to  increase  the  rate  of  new  technological  discoveries.  The 

equations  are: 

A TDFS.K=$H00TH(TDF.K,TDF0) 

A TDF.K=TABHL(TDFT*SNT.K*0*li ,21/12 

T TDFT=.01/.03/.07/.l/.12/.13 

NOTE  TDFS  TECHNOLOGY  DISCOVERY  FRACTION (SMOOTHED) 

NOTE  TDF  TECHNOLOGY  DISCOVERY  FRACTION 

NOTE  SNT  SEARCH  FOR  NEW  TECHNOLOGY 

NOTE  TDFD  TECHNOLOGY  DISCOVERY  FRACTION  DELAY 

A SNT.K=TABHL(SNTT*TSP.K>0* .15* .03) 

T SNTK1/.15/.32/.52.30/1.0 
A T$P.K=TP.K+OP.K 
A TP.K:TA8HL(TPT*TECH.K*0i 100*10) 

T TPTM/1/.8/.5/.27/.1 
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A OP . K= SUN (RDOC . K ) /ECON*RPFT . K 


NOTE 

BUT 

SEARCH  FOR  HEI4  TECHNOLOGY 

NOTE 

TSP 

TOTAL  SEARCH  PRESSURE 

NOTE 

TP 

TECHNOLOGY  PRESSURE 

NOTE 

OP 

OTHER  PRESSURE 

NOTE 

TECH 

TECHNOLOGY  AVAILABLE 

NOTE 

RDOC 

RESEARCH  DOLLARS  ON  CONTRACT 

NOTE 

ECON 

ECONOMIC  BASELINE  FACTOR 

NOTE 

RPFT 

RESOURCES  PRESSURE  FOR  TECHNOLOGY 

As  a result  of  pressures,  new  technologies  are  discovered. 
These  discoveries  gradually  "become  apparent  to  the  system 
as  the  technology  is  applied.  The  percent  of  increase  is 
based  on  the  pressures  to  search  for  new  technology.  These 
pressures  result  from  general,  efforts  to  maintain  or 
increase  technology,  based  on  the  existing  level  of  tech- 
nology. Other  pressures  for  technology  result  from  specific 
efforts  within  DOD.  The  amount  of  research  and  development 
dollars  on  contract  is  used  to  measure  the  relative  pres- 
sures by  DOD  for  technology.  In  addition  to  this  pressure , 
the  level  of  resources  also  places  a demand  for  technology 
as  raw  materials  become  scarce.  As  the  pressure  to  search 
for  new  technology  increases,  the  rate  of  discovery  also 
increases.  This  increase  occurs  at  a decreasing  rate  of 
growth  as  the  limit  approaches. 

The  final  equation  set  for  the  technology  sector 
includes : 
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A TECHCR.K=  (TIR,  JK-TLR.o'K) /TECH.K 
A TCF.K=TABHL(TCFTf TECHCR.Ki0f .2i .02) 

T TCFT=2.  0/1. 95/1. 85/1. 7/1. 45/1.0/.  47/.  5/.  35/.  3/.  25 


ROTE 

TECHCR 

TECHNOLOG T CHANGE  RATE 

NQ'E 

TCF 

TECHNICAL  COMPLEXITY  FACTOR 

NOTE 

TIR 

TECHNOLOGT  INPUT  RATE 

NOTE 

TLR 

TECHNQLOGT  LOSS  RATE 

NOTE 

TECH 

TECHNOLOGT  AVAILABLE 

The  rate  and.  magnitude  of  the  changes  in  technology  indicate 
the  technological  advancement  which  is  perceived.  Within 
DOD,  the  goal  to  reach  out  for  state-of-the-art  technology 
is  affected  hy  this  technological  advancement.  If  the  rate 
of  change  is  rapid,  the  expected  technical  problems  should 
he  lower  than  if  the  same  technology  goals  were  established 
and  the  rate  of  technological,  advancement  were  slower.  The 
technical  complexity  attributed  to  DOD  acquisitions  is  a 
function  of  the  rate  of  technology  change.  The  technical 
complexities  which  exist  have  a direct  impact  on  the  amount 
of  real  progress  in  both  research  and  development  and  produc- 
tion efforts. 

Research  and  Development  Sector 

The  research  and  development  sector  is  divided  into 
three  similar  parts  to  represent  the  research  and  develop- 
ment phases  established  for  ma^or  weapon  systems  acquisi- 
tions. These  phases  Include:  Conceptual  Effort,  Validation, 
and  Pull-Scale  Development.  Due  to  the  similarities  in 
model  structure,  only  one  phase  will  be  used  as  an  example. 
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The  flow  diagrams  and  equation  presentation  will  discuss  -lie 
flow  of  information,  progress,  and  cost  reporting  through  a 
research  and  development  phase.  The  first  part  of  this 
section  will  focus  on  the  flow  of  progress  and  the  corres- 
ponding information  loops  applicable  to  managing  a research 
and  development  effort.  The  flow  diagram  depicted  in  Figure 
5-12  and  the  following  equations  provide  the  basis  for 
starting  a research  and  development  phase. 

I PP1  .K=PP1 . J+DT*(PPGH1 . JK-PPTX1  ..JK) 

R PPCH1 .KL=TABLE IPGNlTtPSCHDl.KiBtl  > ,0833!  *USD  1 . K* DCP 1 . .•< 
i ♦12/TICP.K 
A PSCHD1 . K= TSHS0 . K/TICP . K 


NOTE 

PP1 

PLANNED  PROGRESS 

NOTE 

PPGN1 

PLANNED  PROCRESS  RATE 

NOTE 

PPTX1 

PLANNED  PROGRESS  TRANSFER  RATE 

NOTE 

USD 

UEAPON  SYSTEM  DEVELOPMENT  DECISION 

NOTE 

DCP 

DECISION  COORDINATING  POINT 

NOTE 

TICP 

TINE  IN  CONCEPTUAL  PHASE 

NOTE 

PSCHD1 

PLANNED  SCHEDULE 

NOTE 

TSHSi 

TINE  SINCE  MILESTONE  i 

The  plan  for  progress  is  determined  by  the  estimated  work 
effort  required  to  accomplish  research  and  development. 
This  plan  is  measured  by  man  months.  The  total  estimated 
man  months  required  is  assumed  to  be  given.  The  progress 
rate  can  then  be  expressed  in  terms  of  the  percent  of  the 
total  project  which  is  completed  each  month.  The  progress 
rate  relates  to  the  monthly  work  schedules  which  are 
established.  Using  a typical  program  buildup,  the  graph 
in  Figure  5—13  was  used  to  represent  the  planned  work 
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schedule  which  was  programmed  for  the  various  times  through- 
out a research  and  development  effort. 


Schedule  (Months) 

Figure  5-13 

Progress  Versus  Schedule 

The  percentage  of  progress  that  is  planned  at  a given  time 
is  a function  of  the  total  time  available  within  the  program 
and  the  amount  of  time  which  has  already  passed.  If  the 
program  progresses  a3  planned,  100  percent  of  the  progress 
goal  is  achieved.  A research  and  development  program  cannot 
begin  until  a DSAB.C  decision  and  program  funds  are  provided. 
This  concept  is  represented  by  switch  functions  which  deter- 
mine the  state  of  these  decisions  within  the  system.  The 
plan  for  research  and  development  progress  is  completed 
when  either  of  two  events  occur:  a DSAHC  decision  is  made 
to  proceed  to  the  next  acquisition  phase  or  the  program  is 
cancelled.  At  this  time,  the  level  of  progress  is  empJ  ' ed. 
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In  many  cases,  the  actual  progress  made  on  a 
research  rnd  development  program  is  not  the  same  as  the 
planned  progress.  Ihis  is  due  to  the  uncertainties  that 
characterize  the  research  and  development  task.  The  fol- 
lowing equations  pertain  to  actual  progress: 

t API .K=AP1 . J+DTt IAPR1 . JK-APTRl . JK) 

R APR1.KL=TE1.K4PGM1.K*CAPRS1,K 


A TE1.K=TCF.K*ME1 

NOTE 

API 

ACTUAL  PROGRESS 

NOTE 

APR1 

ACTUAL  PROGRESS  RATE 

NOTE 

APTR1 

ACTUAL  PROGRESS  TRANSFER  RATE 

NOTE 

TE1 

TECHNICAL  EFFECTIVENESS 

NOTE 

PCM 

PROGRAM 

NOTE 

CAPRS1 

CHANCE  IN  ACTUAL  PROGRESS  RATE 

NOTE 

fCF 

TECHNICAL  COUPLET  ITT  FACTOR 

NOTE 

HE1 

MANAGEMENT  EFFECTIVENESS  FACTOR 

A PGM  .K:TABHL(PCH1TiSCHED1  .KiiM  i .^833)*WS01. K+DCP1  .K» 
i 12/ (TTMS1 . K+TSMS0 . K ) 

T PGMlT=0/3/6/7. 5/9/9.67/10. 33/11/1 1/11/ 11/11 

T PGHlT*0/3/6/7. 5/9/9. 67/10. 33/11/11/11/11/11/0 
A SCHED1.<<=TSMS(#.K/ (TSMS«.K+TTMS1  .K) 

A C APRS 1 . K r 3H00TH ( C APR 1 .KiCAPRD) 


NOTE 

PCM 

PROGRAM 

NOTE 

SCHED1 

SCHEDULE 

NOTE 

W5D1 

WEAPON  SYSTEM  DEVELOPMENT  DECISION 

NOTE 

DCP1 

DECISION  COORDINATING  POINT 

NOTE 

TTMS1 

TIME  TO  MILESTONE  1 

NOTE 

TSMS0 

TIME  SINCE  MILESTONE  0 

NOTE 

CAPRS1 

CHANCE  IN  ACTUAL  PROCRESS  RATE ( SMOOTHED  1 

NOTE 

CAPRO 

CHANCE  IN  ACTUAL  PROGRESS  SMOOTHING  CONSTANT 

The  level  of  actual  progress  (Figure  5-14)  is  determined  hy 
tne  programmed  rate  of  progress,  adjusted  hy  the  degree  of 
technical  effectiveness  within  the  research  and  development 
program  and  the  changes  which  result  from  evaluations  of 
the  work  effort.  The  level  of  progress  is  accumulated 
throughout  the  research  and  development  phase  until  a DSA3.C 
decision  is  made  to  proceed  to  the  next  phase  or  to  cancel 


161 


eapon  System  Development — Actual  Progres 


the  program.  At  this  time,  the  progress  is  removed  from  its 
current  level  and  added  to  the  historical  records  of  research 
and  development  programs.  This  is  similar  to  the  activity 
which  occurs  for  the  planning  aspects  of  research  and  devel- 
opment. The  programmed  rate  of  progress  is  "based  on  the 
original  schedule  established  in  the  plan  and  any  adjust- 
ments which  have  been  approved  to  change  the  schedule.  The 
difference  between  actual  and  planned  progress  is  caused  by 
two  general  factors.  First,  technical  effectiveness  measures 
the  degree  that  the  contractor  is  successful  in  dealing  with 
the  technical  challenges  which  exist  in  research  and  devel- 
opment. This  is  based  on  the  technical  complexity  associated 
with  the  program  and  the  research  and  development  managemenj 
expertise  within  the  firm.  The  second  determinant  of  the 
actual  progress  rate  is  the  change  which  results  from  the 
evaluation  of  progress.  The  change  in  actual  progress  is 
adjusted  gradually  to  avoid  wide  fluctuations  in  the  prog- 
ress rate  which  may  cause  excessive  overtime,  hiring,  or 
layoffs  of  personnel.  The  evaluation  which  results  in  the 
change  in  actual  progress  begins  with  a determination 
evaluation  of  the  perceived  actual  progress.  The  equations 
below  explain  the  concept. 
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A PAPl.K=$HOGTH(APt.K»APD> 

A RAP1.K=TPG-PAP1.K 

NOTE  sAPl  PERCEIVED  ACTUAL  PROGRESS 

MOTE  API  ACTUAL  PROGRESS 

MOTE  APD  ACTUAL  PROGRESS  DELAT 

MOTE  RAP1  REMAINING  ACTUAL  PROGRESS 

NOTE  TPC  TOTAL  PROGRESS  GOAL 

The  perception  of  actual  progress  (PAP)  reflects  the  fact 
that  managers  do  not  have  the  ability  or  the  information  to 
make  instantaneous  evaluations  of  the  situation.  This 
results  in  a delay,  causing  decisions  to  be  made  on  the 
perceived  rather  than  the  actual  situation.  The  evaluation 
begins  with  a comparison  of  the  perceived  actual  progress 
and  the  total  progress  goal.  This  comparison  determines 
the  amount  of  progress  that  remains.  Prom  this  information, 
the  manager  begins  to  assess  the  situation  to  determine  the 
best  way  to  adjust  the  work  effort  to  create  minimum  disrup- 
tion in  both  planned  progress  schedules  and  planned  cost. 
This  decision  is  represented  in  the  following  equations 
which  determine  the  relative  penalties  which  exist  in 
altering  the  performance  (progress),  schedule,  and  cost 
aspects  of  the  research  and  development  effort.  These  equa- 
tions correspond  to  the  flow  diagram  contained  in  Figure 
5-15. 

A PRR1 . K 1 1 1 =RAP1 . K/RTTNS1 . X ( 1 ) 

A RTTHS1 . K ( I ) =TT«Sl .K+T ( I ) 

A CP1.K(I)=CF1.KII)*RTTM51.K(I) 

A CF1 .K ( I > =TABHL  i CFT  ? PRR1 . K ( I ) > .6. 1 ,it . 1) 

T CFTM.  15/1.  §4/1. 92/1.91/1/1. 1/1. 25/1. 32/1.  G2/2/3 
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NOTE 

PRR1 

PROGRESS  RATE  REQUIRED 

NOTE 

RAP1 

REMAINING  ACTUAL  PROGRESS 

NOTE 

RTTMS1 

REVISED  TINE  TO  MILESTONE  l 

NOTE 

TTNS1 

TINE  TO  MILESTONE  1 

NOTE 

T 

TINE  LATE 

NOTE 

CPI 

COST  PENALTY 

NOTE 

CF1 

COST  FACTOR 

A ! 

5R.Kll>=TABHUSFT,T(IMtl»tl) 

A ! 

SP1.K(I)=SF1.KII)*T(I) 

ft  ' 

TC1.K(I)-(CWF*CP1  ,K(I)  ) + ($WF*SPl.KlIH 

NOTE 

SF1 

SCHEDULE  FACTOR 

NOTE 

T 

TINE  LATE 

NOTE 

SP1 

SCHEDULE  PENALTY 

NOTE 

TCI 

TOTAL  PENALTY  COST 

NOTE 

SWF 

SCHEDULE  WEIGHTING  FACTOR 

NOTE 

CWF 

COST  WEIGHTING  FACTOR 

Management  first  determines  the  effect  of  several  alter- 
native sets  of  schedule  and  cost  trade-offs , given  the 
progress  rate  required  to  maintain  technical  performance 
goals.  Based  on  the  relative  importance  of  cost  and 
schedule  deviations,  the  management  seeks  to  determine  the 
“best  cost  and  schedule  option.  Ihe  costs  associated  with 
these  trade-offs  are  illustrated  in  Figure  5—16. 

2 

1.5 

Cost 
Factor 

1 

1 i i i j « 1 *■ 

.6  .8  1.0  1.2  1.4  1.6 

Progress  Hate  % Change 

Figure  5-16 

Cost  Versus  Progress  Hate 
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As  the  progress  rate  is  increased,  the  costs  also 
Increase  due  to  overtime  payments  and  increased  hiring.  A 
small  increase  can  he  made  as  the  result  of  increased  pro- 
ductivity of  the  work  force.  Therefore,  the  curve  is  rela- 
tively flat  closer  to  the  point  where  the  planned  progress 
rate  lies.  The  actual  contractual  arrangement  for  each 
program  determines  the  shape  of  the  curve.  Incentives  for 
cost  control  may  influence  the  weights  established  for  cost 
and  schedule  considerations  in  the  decisional  process. 

The  costs  associated  with  being  late  in  contract 
completion  are  depicted  in  Figure  5-1 7*  As  the  time  late 


Figure  5-17 

Schedule  Versus  Time  Late 


becomes  very  long,  the  penalties  become  less  meaningful 
than  in  the  earlier  times.  The  research  indicated  that 
there  is  little  motivation  to  come  in  ahead  of  schedule. 
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The  model  contains  a subroutine  which,  selects  the 
"best  alternative  relative  to  the  implicit  and  explicit  costs 
associated  with  changing  the  desired  progress  rate.  The  new 
progress  rate  desired  is  the  output  of  this  analysis.  The 
decision  which  results  is  implemented  gradually  within  the 
work  effort.  This  decision  is  reflected  "below. 


A CAPRI .K-FLF1 .K*DCAPR1 ,K 

NOTE  CAPRI  CHANGE  IN  ACTUAL  PROGRESS 

NOTE  FLF1  FUNDS  LIMIT  FACTOR 

NOTE  DCAPR1  DESIRED  CHANCE  IN  ACTUAL  PROGRESS  RATE 


The  desired  change  in  the  progress  rate  is  also  influenced 
by  the  amount  of  funds  available.  If  funds  begin  to  run  out 
at  the  end  of  a program,  the  desired  rate  of  progress  must 
be  reduced  in  order  to  avoid  cost  overruns.  At  the  extreme, 
work  can  completely  cease  if  more  dollars  are  not  obligated 
to  the  contract  through  an  amendment. 

The  cost  aspects  of  research  and  development  are 
depicted  in  the  flow  diagram  contained  in  Thgure  p— 18.  The 
equations  which  correspond  to  this  diagram  are  divided  into 
two  sections.  The  first  equation  set  is: 

L PCI .K=PC1 . J+DT* (PCR1 . JK-PCTR1 . JK) 

R PCR1 .KLSPPCM1 , JK/PTCR+CPC1 .K 
A TPC1.K*TPC/PTCR+CPC1.K 


NOTE 

PCI 

PLANNED  COSTS 

NOTE 

PCR1 

PLANNED  COST  RATE 

NOTE 

PCTR1 

PLANNED  COST  TRANSFER  RATE 

NOTE 

PPCH1 

PLANNED  PROGRAM  RATE 

NOTE 

PTCR 

PROGRESS  TO  COST  RATIO 
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NOTE 

CPC1 

CHANCE  IN  PLANNED  COST 

NOTE 

TPC1 

TOTAL  PI  ANNED  COST 

NOTE 

TPG 

TOTAL  PROGRESS  GOAL 

Planned  costs  are  "based  on  the  level  of  effort  estimated 
prior  to  work  start.  Estimates  of  costs  may  "be  "based  on  a 
variety  of  cost  estimating  techniques  which,  measure  the 
magnitude  of  the  task  as  well  as  the  uncertainties  and 
risks  involved.  This  model  associates  the  planned  program 
with  planned  costs  "by  means  of  a conversion  factor  which 
can  "be  associated  with  cost  per  man  month.  The  rotal 
planned  costs  for  a program  are  determined  "by  the  original 
plan  plus  any  cost  baseline  changes  which  occur  during  the 
research  and  development  phase. 

The  second  set  of  equations  pertains  to  the  actual 
costs  that  are  reported  as  work  is  performed. 


L CR1 .K-CR1.J+DT*ICRR1. JK-CRTRl. JK) 
R CRR 1 . KL=CE  1 *DCFS  1 . K*PCM1 . K/PTCR 

A DCFS 1 . K =SHOOTH ( DCF 1 . K » DCFD) 


NOTE 

CR1 

COST  REPORTED 

NOTE 

CRR1 

COST  REPORTING  RATE 

NOTE 

CfiTRl 

COST  REPORTING  TRANSFER  RATE 

NOTE 

CE1 

COST  ESTIMATING  ERROR 

NOTE 

DCF  SI 

DESIRED  COST  FACTOR (SMOOTHED) 

NOTE 

PGM1 

PROGRAM 

NOTE 

PTCR 

PROCRESS  TO  COST  RATIO 

NOTE 

DCF1 

DESIRED  COST  FACTOR 

NOTE 

DCFD  • 

DESIRED  COST  SMOOTHING  FACTOR 

The  amount  of  costs  reported  is  based  on  the  original 


cost  rates  plus  any  adjustments  resulting  from  changes  to 


rae  progress  rate  or  unanticipated  changes  due  to  cost 
estimation  errors. 

As  the  research  and  development  program  continues, 
the  cost  and  schedule  status  are  monitored  closely.  Pres- 
sures to  delay  a milestone  decision  are  increased  as  sche- 
dule changes  occur  in  the  evaluation  process.  The  equa- 
tions which  represent  this  process  are  given  below.  These 
equations  correspond  to  the  flow  diagram  contained  in 
Figure  5-19- 


A PSEl,K=TA8Hl(PSetTiELFi ,Xr Jili .2) 
T PSEMM/.15/.35/.58/.88/!.* 


A 

ELF1.K*0TU.K/TTHS1  X 

MOTE 

PSE1 

PRESSURE  FOR  SCHEDULE  EXTENSION 

NOTE 

ELF1 

ESTIMATED  LATE  ►ACTOR 

NOTE 

DTU 

DESIRED  TIME  LATE 

NOTE 

TTXS1 

TINE  TIL  MILESTONE  1 

NOTE 

USURCF 

US  URGENCY  FACTOR 

A 

SEA 1 . X = PSE 1 , K*CRPA 1 . K/USURGF . X 

A 

CRPA1.K=PC1.K/CR1.K 

A 

5CD1 .X-CLIPI 

:$EAl>K»liSEAl ,Xi .5) 

A 

SCD81.K*CLIPU»SC31.X?SC01.Kil) 

A 

C«S1.K-SCD«1.K*DTL1.X 

NOTE 

SEA1 

SCHEDULE  EXTENSION  ADJUSTOR 

NOTE 

0RPA1 

COST  RATIO (PLANNED  TO  ACTUAL) 

NOTE 

PCI 

PLANNED  COST 

NOTE 

CR1 

COST  REPORTED 

NOTE 

scat 

SCHEDULE  EXTENSION  DECISION 

NOTE 

3CDM1 

SCHEDULE  MULTIPLIER 

NOTE 

ensi 

CHANCE  IN  MILESTONE  1 

The 

decision  to  approve  a schedule  del; 

upon  the  intensity 

of  the  pressures  to  extend 

the  urgency 

of  the 

requirement , and  the  cost  p 

. o mane  e 


expressed  as  the  ratio  of  planned  to  actual  costs.  If 
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either  the  urgency  is  great  or  cost  performance  is  very 
poor,  there  is  a reluctance  to  approve  schedule  changes. 
Urgent  requirements  are  pushed  to  meet  a schedule,  often 
sacrificing  both  performance  and  cost  in  order  to  obtain 
even  a limited  increase  in  capability. 

Changes  in  schedule  do  not  necessarily  mean  that 
the  total  contract  cost  is  changed.  To  illustrate  the 
pressures  for  funding  increases,  the  following  equations 
are  explained,  which  correspond  to  the  flow  diagram  in 
Figure  5-20.  The  equations  are: 

A FLF 1 . K= TABHL ( FIFT , 3*TWC 1 . X , i , 1 i , 1 ) 

T FLFT--3/9/ . 11/.  IV  .33/ . 15/  .55/  .<,4/  .77/  .88/1 . 8 


NOTE 

FLF  1 

FUNDS  UNIT  FACTOR 

A TWC1 .K=TTNS1 ,K*CRPA1  ,K 

NOTE 

TWC 1 

TINE  WEIGHTED  COST 

NOTE 

TTHS1 

TINE  TIL  MILESTONE  1 

NOTE 

CRPA1 

COST  RATIO.  PLANNED  TO  ACTUAL 

A PIF1 ,K=TABHL (FIFT) FLFl.Kiifl.il .2) 

T FIFT 

=1/. 72/. 57/. 15/. 38/. 32/. 28/. 24/. 25 

NOTE 

PIF1 

PRESSURE  FOR  INCREASED  FUNDS 

The  pressure  results  from  the  combined  affect  of 
both  time  and  cost  constraints  on  the  research  and  devel- 
opment program.  As  the  DSARC  milestone  draws  near,  the 
pressure  increases  if  spending  is  ahead  of  schedule.  The 
decision  to  increase  costs  is  similar  to  the  schedule  change 
concept.  The  difference  is  that  cost  is  the  primary 
decisional  criterion  and  performance/schedule  aspects 
influence  the  decision.  Also  considered  in  the  decision 
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are  the  urgency  of  the  requirement  for  additional  funds  and 
the  relative  importance  of  the  mission  area  which  requires 
the  funds.  If  a program  is  important  or  urgent,  money 
restrictions  are  relaxed  hy  the  desire  to  continue  the  pro- 
gram to  improve  mission  area  capability.  The  last  consider- 
ation is  the  funds  available  from  other  programs.  If  the 
cor tract  cost  is  increased,  amendments  must  be  made  and  the 
appropriate  financial  transfers  accomplished.  The  equations 

for  this  decision  and  result  are: 

A ITAF 1 . K =FA  1 . K*P  I F 1 . K*PRAP  1 . K+USURGF . K*NA 1 NPF 
NOTE  ITAF!  INCLINATION  TO  APPROVE  rUND$ 

NOTE  PIF1  PRESSURE  FOR  INCREASED  CUNDS 

NOTE  PRAP1  PROCRESS  RATIO.  ACTUAL  TO  PLANNED 

NOTE  NAINPF  MISSION  AREA  IMPORTANCE  FACTOR 
A F 101 . K=TABHL (FIDT. ITAFl.Ki ,8.2,$. ,2) 

T F l DT=0/ . 375/ . 62/ . 75/ . 86/ . 92/ . 96/ , 97 

NOTE  FID1  FUNDS  INCREASE  DECISION 

A CPCl.K=FIDt.K*£CCl.K 

NOTE  CPC1  CHANGE  IN  PLANNED  COST 

NOTE  FID1  PIJNDS  INCREASE  DECISION 

A ECCl.K=CLIP(ICRt.X.0dCRl.K>«>*(TSHSC.K+TTNSl.KI/PTCR 

A !CRl.<=l-l/CRPAt,K 

NOTE  ECC1  ESTIMATED  CHANGE  IN  COST 

NOTE  CRPA1  COST  RATIO.  PLANNED  TO  ACTUAL 

NOTE  TSNS0  TINE  SINCE  MILESTONE  i 

NOTE  TTNS1  TINE  TIL  MILESTONE  1 

NOTE  PTCR  PROGRESS  TO  COST  RATIO 

NOTE  ICR  INCREASE  IN  COST  RATE 

A FAl.K=TABHL(FAT.FAFl,X.0..4iJ5) 

T FATs#/.55/.375/.25/.l/.»5/.«2/.0*l/.8 
NOTE  FA1  PONDS  AVAILABILITY 

NOTE  FAF1  PONDS  AVAILABILITY  FACTOR 

A FAF1.K=ECCI,X/RDA.K(2) 

NOTE  rAFl  FUNDS  AVAILABILITY  FACTOR 

NOTE  RDA(2)  RESEARCH  DOL.ARS  APPROPRIATED 

The  final  concept  expressed  in  this  discussion  of 
research  and  development  managemenr 


is  product  value.  The 
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value  associated  with,  a program  "becomes  the  decision  cri- 
teria used  in  the  DSJLRC  process  to  approve  or  cancel  a 
program.  This  measure  is  also  used  in  the  "budgetary  process 
to  determine  DOD  funding  and  follow-on  funding  for  the 
specified  program.  The  flow  diagram  portrayed  in  Figure 
5-21  depicts  the  structural  aspects  of  this  decision.  This 
diagram  represents  the  mathematical  equations  given  "below. 

L PV1 ,K=PV1 . J+DT* IPVR1 . JK-PVTRl . JK) 

R PVR 1 . KL=PPVS 1 . K*PVfl 1 . K 
A PPVS1.K--SN00THIPP1.K,PPD) 


NOTE 

PV1 

PRODUCT  VALUE 

NOTE 

PVR1 

PRODUCT  VALUE  RATE 

NOTE 

PVTR1 

PRODUCT  VALUE  TRANSFER  RATE 

R PVR1 .KL=PPVS1 ,K*PVA1 ,K 

NOTE 

PPVSt 

PLANNED  PRODUCT  VALUE  (SMOOTHED) 

A PPVS1 .K=SH00TH(PP1 .KrPPDI 

NOTE 

PPl 

PLANNED  PROGRESS 

NOTE 

PPO 

PLANNED  PROGRESS  DELA1 

A PVA1.K=PRAP1.K*CRPA1.K 

A PRAP1 .K=PAP1.K/PP1.K 

NOTE 

PVA1 

PRODUCT  VALUE  ADJUSTOR 

NOTE 

PRAP1 

PROCRESS  RATIO)  ACTUAL  TO  PLANNED 

NOTE 

CRPA1 

COST  RATIO)  PLANNED  TO  ACTUAL 

NOTE 

PAP1 

PERCEIVED  ACTUAL  PROGRESS 

A CRPA1 .K=PC1.K/CR1.K 

NOTE 

CRPA1 

COST  RATIO)  PLANNED  TO  ACTUAL 

NOTE 

PCI 

PLANNED  COST 

NOTE 

CR1 

COST  REPORTED 

The  level  of  product  value  is  "based  on  the  per- 
ceived cost  and  progress  performance  which  result  from  on- 
going research  and  development  efforts.  If  either  costs 
are  greater  than  planned  or  actual  progress  is  less  than 
expected,  the  rate  of  increase  in  product  value  is  dimin- 
ished. When  a milestone  decision  is  required,  the  past 
performance  of  the  program  is  evaluated  and  the  decision 
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is  made  to  cancel  or  continue  the  program.  This  decision  is 
also  influenced  by  the  decision-maker’s  personal  feelings 
about  the  program,  as  well  as  the  recognized  urgency  which 
exists  in  the  mission  area.  Requirements  implicitly 
increase  in  -value  if  known  deficiencies  are  urgent. 

The  actual  transfer  of  the  research  and  development 
process  to  the  next  phase  is  dependent  upon  funding.  If 
funds  are  available,  work  begins  on  additional  research  and 
development  or  production.  The  progress  achieved  in  current 
phase  becomes  the  basis  for  expected  performance  in  future 
activities.  Referring  to  Figures  5-12  and  5-14- , the  ratio 
of  actual,  progress  to  planned  progress  is  used  to  measure 
the  anticipated  progress  in  the  current  project  phase.  This 
structure  illustrates  the  cascading  of  problems  if  decisions 
are  made  to  proceed  to  a subsequent  phase  of  development 
without  completion  of  the  current  program  goals.  The  pos- 
sible consequences  of  this  are  delays  in  the  program,  cost 
overruns,  or  changes  in  performance  requirements  in  future 
periods . 

After  the  last  research  and  development  phase  is 
complete,  production  may  begin.  The  production  decision 
must  consider  the  product  value  of  the  system,  program 
funding,  and  the  availability  of  raw  materials  resources 
required  for  the  production  process. 
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The  flow  of  worldwide  resources  is  depicted  in  the 
flow  diagram  contained  in  Figure  5-22.  Worldwide  resources 
are  an  aggregate  measure  of  all  the  raw  materials  available 
for  consumption.  In  his  world  policy  model,  Forrester  (25) 
used  the  number  of  years  supply  remaining,  if  current  per 
capita  consumption  continued.  Consumption  was  based  on 
expected  growth,  represented  by  changes  in  the  gross 
national  product.  Borrowing  from  this  concept,  the  fol- 
lowing system  equations  were  developed  for  the  resources 
sector. 


L TOTRES . KsT0TRE$ . J+DT* ( 0 ISCOV . JK-TRUSE . JK I 

R D ISCOV . KL=0 1 SCOF . K*T0TRES . K 

R TRUSE .KL-GRGMTH . KtTOTRES  ,K 

ROTE  DISCOV  DISCOVERT  RATE 

NOTE  TRUSE  TOTAL  RESOURCE  USE  RATE 

NOTE  DISCOF  DISCOVERT  FRACTION 

NOTE  GROWTH  GROWTH  RATE 


The  level  of  total  world  resources  (TOTRES)  is  increased  by 
discoveries  of  new  resources  and  increased  extraction  rates 
of  existing  resources.  Consumption  of  resources  decreases 
the  level.  The  discovery  and  use  rates  are  both  expressed 
as  a percent  of  the  total  resources  available. 

The  discovery  of  resources  fraction  is  a function 
of  the  amount  of  pressure  to  search  for  new  resources  or 
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increase  extraction  of  existing  resources.  This  pressure 
results  from,  declining  levels  of  available  resources.  As 
the  search  for  resources  increases,  the  number  of  resources 
discovered  increases  over  time.  The  next  group  of  equations 
apply  to  the  discovery  of  resources. 


A 0 ISCOF . K= TABHL ( 0 ISCOT  > SEARCH . K » 0 1 . 1. .02) 

T OISCOT-9/ . 02/ . 96/ . 08/ . 89/ . 1 
A SEARCH . K= SMOOTH ( 3EARC . K » 30 ) 

T SEARCT = l / .9/.8/.55/.3/.15 

A SEARC . K = TABHL I SEARCT , TuTRES . K r 0 , 130,28) 

NOTE  DISCOF  DISCOVERT  FRACTION 

NOTE  SEARCH  SEARCH  FOR  RESOURCES (SNOOTHED) 

NOTE  SEARC  SEARCH  FOR  RESOURCES 

NOTE  TOTRES  TOTAL  RESOURCES 


Further  equations  apply  the  resources  allocated  for 

defense  to  the  production  of  weapons  for  the  allies  and  the 

enemy.  The  percentage  of  resources  available  for  defense 

production  is  a function  of  the  total  resources  available 

to  each  country.  As  noted  in  Chapter  4-,  Smith  (59)  explained 

the  willingness  of  the  Soviet  Union  to  withold  resources 

from  its  populace  in  order  to  further  defense  production. 

In  the  context  of  this  model,  therefore,  the  enemy  sector  is 

considered  to  have  no  real  constraint  due  to  resources  on 

defense  production. 

A RADPP . K= T ABHL I RADPPT , TOTRES . K , 0 , 1 00 , i 0 ) 

T RADPPT=0/ . 1/ . 25/ .4/ . 35/ .32/ . 3/ . 28/ . 27/ . 26/ . 25 
NOTE  RADPP  RESOURCES  AVAILABLE  l FOR  DEFENSE  PRODUCTION 
NOTE  TOTRES  TOTAL  RESOURCES 
A RAADP  ,K=TOTRES.K*RADPP . OAALLOC 

NOTE  RADPP  RESOURCES  AVAILABLE  FOR  ALLIED  DEFENSE  PRODUCTION 
NOTE  AALLCC  ALLIED  ALLOCATION  PERCENT 
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A RAEDP , K=TOTRES ,K*RADPP .K+EALLOC 

NOTE  RAEDP  RESOURCES  AVAILABLE  FOR  ENEMY  flEFENSE  PRODUCTION 
NOTE  EALLOC  ENEMY  ALLOCATION  PERCENT 


The  percentage  of  resources  available  for  defense 
production  is  a function  of  the  total  resources  available. 

As  the  level  of  resources  declines,  a greater  percent  of 
total  resources  is  allocated  to  defense  production  in  order 
to  protect  resources  that  are  available.  This  behavior 
occurs  until  resources  become  so  scarce  that  defense  pro- 
duction is  infeasible.  The  resources  available  .or  defense 
production  are  determined  by  the  relative  amounts  of  total 
resources  which  are  allocated  to  the  allies  and  the  enemy. 

The  flow  diagram  in  Figure  5-2?  represents  the  U.S. 
resource  sector.  The  U.S.  is  estimated  to  use  approximately 
one-third  of  the  total  world  resources  (4-5).  The  equations 
which  apply  to  U.S.  resources  are  noted  here. 


L IJSRES  .K=USRES . J+DT*  (RAUS . JK-RDKDUS . JK! 

R RftUS .KL=DI SCOV . JK*ALLQCF 

R RDH0US.KL=!  GROWTH . K-  (EFFF . K/ 1 M IHUSRES . K 


NOTE 

USRES 

US  RESOURCES 

NOTE 

RAUS 

RESOURCES  ALLOCATED  TO  US 

NOTE 

RDHDUS 

TESOURCES  DEMANDED (USEX  BT  US 

NOTE 

DISCOV 

DISCOVERT  FRACTION 

NOTE 

GROWTH 

GROWTH  RATE 

NOTE 

EFFF 

EFFICIENCY  FACTOR 

NOTE 

ALLOCF 

US  ALLOCATION  FACTOR 
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This  equation  set  is  similar  to  the  levels  and  rates 
for  total  resources.  The  U.S.  resources  level  is  increased 
tj  allocations  of  worldwide  resources  to  the  U.S.  The  demand 
for  resources  is  determined  hy  the  combined  effect  of  growth 
in  resource  consumption  and  efficiencies  developed  to  slow 
the  consumption  rate.  Efficiencies  result  from  conservation 
efforts  and  technical  improvements  which  lead  to  reduced 
consumption.  The  equations  which  relate  to  the  resource  con- 
sumption rate  in  the  U.S.  are  shown  below. 


A EFFF.K=DTC.K+TECHIF.K 
A USRESS. K=SMOOTH(USRES.i<r  10) 

A DTC . K=TABHL (DTCT -USRESS . K . 0 . 35 . 5 ) 

T DTCT=-2/-.75/-.15/.4/.7M/l/t 
A TECH  I F . K=TfiBHL  ( TECH  I T r TECHCR . K , 0 » .2.  .04) 

T TECWM/  .5/  .25/15/  .87/  .04 


NOTE 

EFFF 

EFFICIENCT  FACTOR 

NOTE 

OTC 

DESIRE  TO  CONSERVE 

NOTE 

TECHIF 

TECHNOLOGICAL  IMPROVEMENT  FACTOR 

NOTE 

USRESS 

US  RESOURCES (SMOOTHED) 

NOTE 

IJSRES 

US  RESOURCES 

As  the  level  of  perceived  resources  decreases , the 
desire  to  conserve  increases.  This  desire  to  conserve  is 
delayed  until  the  impact  of  the  true  conditions  become 
apparent.  Technical  improvements  also  influence  the  effi- 
ciency factor.  The  technical  improvements  which  relate  to 
resources  is  a function  of  the  ”ate  in  which  technology 
changes. 
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In  addition  to  influences  within  the  sector,  the 
state  of  resources  also  affects  other  sectors  as  shown 
he_ow.  As  the  perceived  U.S.  resources  decres.se,  pressure 
is  created  for  new  resource-saving  technologies. 

In  addition  to  effects  of  technology  ienuncs , the 
percentage  of  resources  available  for  U.S.  defense  produc- 
tion may  become  a constraint  in  the  production  process  if 
the  produce  on  p' an  exceeds  she  resources  that  are  avail- 
able. 


A RPFT.K*Th3HL(RPFTT»USRESS.Ki«.lW.ll) 

T a»>FTTM/.a/.7/.4/.*/.i5/.4/.37/.35 
A RAUSDP . K-ij$RE$.  K*RPUSDP . K 

A RPUSDP.K=TABHL(SPUSDT»USRES.Kf«»35.5l 
T RPUSOT-il/ . 2/ . 4/ . 3/ . 28/  .27/ . 26/ . 25 

VOTE  RPFT  RESOURCE  PRESSURE  FCR  TECHNOLOCI 

NOTE  USRESS  US  RESOURCES (SHOOT RED) 

ROTE  RAUSDP  RESOURCES  ALLOWED  F0e  US  DEFENSE  PRODUCTION 

NCTE  RPUSDP  RESOURCE  PERCENT  FOR  US  DEFENSE  PRODUCTION 
VOTE  USRES  US  RESOURCES 


"reduction  Sector 

This  sector  will  address  the  trans. ' ' rmatior  pro'*0  ;r 
which  integrates  the  various  production  " uputs , such  as 
resources,  research  and  development  knew  edge , pre  luction 
plans,  and  funding,  to  produce  weapon  systems  for  TT. F. 
operations.  Many  of  the  concepts  which  are  inc  'ded  .n  th° 
model  of  the  production  process  one  similar  to  those  dis- 
cussed for  the  research  and  development  process.  The  -'low 
of  weapon  systems  and  the  information  network  which 
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influences  flow  in  the  production  process  are  depicted  in 

figure  5-24.  The  first  set  of  equations  which  apply  to  the 

production  process  a.re  given  helcw. 

L «i£F  .K=USP.  J+DT*  (USPIR.  JK-USPR . JK) 
a WSPIR  .KL=flI?(  (FGM4.K » RCUS  .K) 

R ViSFR.KL=DELAY3(USFIR.  JKiPRODT.K) 

A PG«4,K=TABLE(PCHlTfSCHED?.Xia»li.M33M«SD4.K*12*0CP4.K/ 

X (TSHS3.KHTPTC.K) 


NOTE 

USP 

WEAPON  SYSTEMS  IN  PRODUCTION 

NOTE 

WSFIR 

WEAPON  SYSTEM  PRODUCTION  INPUT  RATE 

NOTE 

WSPR 

WEAPON  SYSTEM  PRODUCTION  RATE 

NOTE 

FCN4 

PROGRAM 

NOTE 

WSB4 

WEAPON  SYSTEM  DEVELOPMENT  DECISION 

NOTE 

DC?4 

DECISION  COORDINATING  POINT 

NOTE 

TSMS3 

TINE  SINCE  MILESTONE  3 

NOTE 

TTFCC 

TINE  TO  PRODUCTION  COMPLETION 

A SCHEDP . K=T3MS3 . K / < T3HS3 . K+TTPCC . K) 

A RCUS . K-RAUSDP . K*«SRCF 

A PRODT ,K=APR0DT .K+PRGDTA.K 

NOTE  SCHED?  PRODUCTION  SCHEDULE 

NOTE  RCWS  RESOURCE  CONSTRAINT  ON  WEAPON  SISTENS 

NOTE  RAUSDP  RESOURCES  AVAILABLE  FOR  DEFENSE  PRODUCTION 

NOTE  WSRCF  WEAPON  SYSTEM  TO  RESOURCES  CONVERSION  FACTOR 

NOTE  PRODT  PRODUCTION  TINE 


the  level  of  weapon  systems  in.  the  production  process  is 
determined  "by  two  rates.  The  input  to  production  is  deter- 
mined "by  the  production  plan.  This  plan  is  similar  to  plans 
for  research  and  development  except  that  the  measurement  is 
in  weapon  systems  instead  of  progress.  The  plan  may  be 
adjusted  if  resource  availability  requires.  The  rate  of 
output  from  production  is  a function  of  the  input  of 
weapons  into  the  production  process  and  the  amount  of  time 
required  to  produce  each  weapon  system.  If  the  production 
flow  time  is  reduced,  the  total  number  of  systems  in  pro- 
duction is  decreased.  By  adjusting  the  flow  time,  the 
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number  of  resources  contained  in  the  production  pipeline  is 
changed.  This  is  useful  to  management  of  DOD  acquisitions 
■because  it  provides  flexibility  to  mahe  temporary  changes  to 
the  production  rate  without  changing  the  production  plan. 
Production  plans  are  normally  established  well  in  advance  of 
actual  production.  These  plans  are  difficult  to  adjust 
after  production  begins.  The  funding  and  DSAPC  decisions 
are  the  primary  determinants  of  production  plan  implemen- 
tation. 

The  equations  which  relate  to  changing  production 
flow  times  are: 


A PROOTA . K=LCF . K+ (TTE . K*HE4*CPTS . K) 

A TTE.K=TE4.K*HE4/TCF.K 
A TEA .K=PASTP3 . K/PSTPP3 . K 


NOTE 

PROOTA 

PRODUCTION  TINE  ADJUSTOR 

NQTE 

LCF 

LEARNING  CURVE  FACTOR 

NOTE 

TTE 

TOTAL  TECHNICAL  EFFECTIVENESS 

NOTE 

TE4 

TECHNICAL  EFFECTIVENESS 

NOTE 

CPTS 

CHANGE  IN  PRODUCTION  TIHE(SNOOTHED) 

NOTE 

HE4 

MANAGEMENT  EFFECTIVENESS  FACTOR 

NOTE 

TCF 

TECHNICAL  COMPLEX  ITT  FACTOR 

NOTE 

PASTP3 

PAST  PROGRESS 

NOTE 

PSTPP3 

PLANNED  PAST  PROGRESS 

A CPTS . KsSN00TH (CPT . K iCPTD ) 

A CPT.K--PR0DT.K-PR00TD.K 
A LCF . K= TABHL ( LCFT  t TWSP . K . # » 520 » 40 ) 

T LCFM/1. 15/1.35/1. 57/1. 49/1. 78/1. 37/1.  nil.dm.lUZ.lil.ltl.Z 


NOTE 

CPT 

CHANGE  IN  PRODUCTION  TINE 

NOTE 

PRODT 

PRODUCTION  TINE 

NOTE 

CPTD 

CHANGE  IN  PRODUCTION  TINE  OELAT 

NOTE 

PRODTD 

PRODUCTION  TINE  DESIRED 

NOTE 

LCF 

LEARNING  CURVE  FACTOR 

NOTE 

TWSP 

TOTAL  WEAPON  SYSTEMS  PRODUCED 
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As  noted  from  the  equations,  four  elements  affect  the 
adjustment  to  flow  time.  The  first  three  elements  are 
similar  to  those  discussed  in  research  and  development. 

They  include:  technical  effectiveness,  managerial  effec- 
tiveness, and  changes  in  production  due  to  evaluation  of 
production  progress.  The  fourth  element  which  affects  the 
adjustments  to  production  times  is  the  learning  curve.  As 
more  systems  are  produced,  the  production  times  are 
decreased  due  to  the  efficiencies  which  result  from  learning 
the  production  process.  The  flow  diagram  contained  in 
Figure  5-25  depicts  the  accumulation  of  production  know-how 
which  determines  the  relative  effect  of  the  learning  curve. 
The  following  equation  set  mathematically  represents  the 
accumulation  of  production  knowledge. 


A RUSP . K=NUSP . K-TUSP . K 

A USPRR.K(P) =RUSP .K/RTTPCC .K(P) 

NOTE  RUSP  REMAINING  WEAPON  SYSTEMS  TO  PRODUCE 

NOTE  NUSP  NUMBER  OF  WEAPON  3TSTEHS  TO  PRODUCE 

NOTE  USPRR  WEAPON  SYSTEM  PRODUCTION  RATE  REQUIRED 

NOTE  RTTPCC  REMAINING  TINE  TO  PRODUCTION  COMPLETION 
L TWSP . K= TWSP . J+DTt ( WSPR . JK-ICRR . UK ) 

R LCRR.KL=m.K»TU$P.K 
NOTE  TWSP  TOTAL  WEAPON  STSTEMS  TO  PRODUCE 

NOTE  WSPR  WEAPON  SYSTEM  PRODUCTION  RATE 

NOTE  LCRR  LEARNING  CURVE  RELEASE  RATE 


The  total  number  of  weapon  systems  produced  becomes  the 
comparison  device  to  evaluate  production  progress.  As  the 
actual  number  of  weapon  systems  produced  deviates  from 
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from  production  plans,  management  Initiates  changes  to  the 
production  process  using  the  same  type  of  decisional  phase 
described  in  the  research  and  development  section.  The 
result  of  the  cost  and  schedule  trade-offs  determines  the 
actual  changes  made  to  the  production  process  via  changes  in 
the  flow  time. 

The  remainder  of  the  model  of  the  production  process 
is  constructed  along  the  same  lines  as  the  research  and 
development  phases.  The  flow  diagrams  and  equations  devel- 
opment for  cost  reporting  and  cost /schedule  changes  will  not 
be  discussed  to  avoid  repetition.  Also,  the  concept  of  pro- 
duct value  was  omitted  from  this  portion  of  the  model  since 
further  decisions  concerning  the  program  are  made  b y evalu- 
ating the  actual  performance  in  the  operational  environment. 

As  systems  are  produced,  they  are  shipped  to  the 
operational  commands.  The  weapon  systems  in  transit  and 
the  subsequent  delivery  rate  is  a function  of  the  production 
rate  and  the  time  in  transit.  This  is  developed  into  the 
following  equations. 

L US I T . K=US l T . J+OT ♦ ( WSPR . JK-USDR . JK) 

R USDR.KL:0ELAY3(USPR.oKi2) 

MOTE  WSIT  WEAPON  SYSTEMS  IN  TRANSIT 
NOTE  USPR  WEAPON  SYSTEMS  PRODUCTION  RATE 
NOTE  USOR  UEAPON  SYSTEMS  DELIVERY  RATE 
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The  flow  of  weapons  to  the  operational  commands  provides 
increased  capability  which,  in  turn,  relieves  the  pressure 
for  weapon  system  production.  The  next  section  of  this 
chapter  will  discuss  the  effects  of  weapon  system  inven- 
tories as  they  are  used  in  the  operational  environment. 

U.S.  Operations 

The  flow  of  inventory  into  the  operational  environ- 
ment is  depicted  in  the  diagram  contained  in  Figure  5-26. 

As  new  systems  sire  delivered  to  the  operational  commands , 
the  inventory  is  -used  to  accomplish  the  mission  requirements 
established  by  the  operating  plans  for  each  base.  Two  sys- 
tem states  are  represented  in  the  model.  Operational 
weapon  systems  are  able  to  accomplish  their  assigned  mis- 
sions. Hon-operational  weapon  systems  cannot  accomplish 
their  missions  due  to  system  failures,  scheduled  maintenance, 
supply  problems,  or  personnel  support  problems.  The  final 
inventory  state  is  implied  by  the  retirement  rate.  The 
retired  inventory  encompasses  weapons  delivered  to  storage 
and  those  systems  lost  through  attrition.  The  following 
equations  provide  the  basis  for  discussion  about  the  state 
of  U.S.  forces. 

L WSO.K=WSO . J+DT# (WSPIR . JK+USDR . JK-HSSDR . JK-WSRR.JK) 

L USN . KsUSN . J+OT * ( USSDR . JK-USNR . JK ) 

R WS3DR . KL=USE . K/HTBF . K 
R WSRR.KL^SORP.KiQSF.K 
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NOTE 

USO 

WEAPON  STSTEHS  OPERATIONAL 

NOTE 

USN 

WEAPON  STSTEHS  NON-OPERATIONAL 

NOTE 

USDR 

UEAPION  STSTEH  DELIVERY  RATE 

NOTE 

USHR 

WEAPON  STSTEH  HAINTENANCE  RATE 

NOTE 

USSOR 

WEAPON  STSTEH  DEFICIENT  RATE 

NOTE 

USSR 

WEAPON  STSTEH  RETIREHENT  RATE 

NOTE 

USE 

WEAPON  STSTEH  USE 

NOTE 

HTBF 

HEAN  TIHE  BETWEEN  FAILURES 

NOTE 

USORP 

WEAPON  STSTEH  OR  PERCENT 

NOTE 

QSF 

OPERATING  NO  SUPPORT  FACTOR 

The  delivery  of  weapons  into  the  operational  inven- 
tory begins  the  cycle  which  exists  between  the  operational 
and  the  non-operational  states  of  U.S.  inventory  levels.  As 
weapons  are  used,  system  deficiencies  cause  the  inventory  to 
become  non-operational.  Subsequently,  support  is  required 
to  correct  the  deficiencies  and  return  the  system  to  the 
operational  inventory. 

The  equations  which  apply  to  the  system  deficiency 
rate  are  given  below. 

A USE . K= WSORF . «♦ ( USO . K+WSN . K ) *0PLfiN . K 
A OPLAN . K= TAEHL  ( OPLANT  i T I HE . K 1 0 1 240 1 20 ) 

T QPLANT=l/l/l/l/l/l.2/l/l/IM/l 


NOTE 

USE 

WEAPON  STSTEH  USE 

NOTE 

WSORF 

WEAPON  STSTEH  OPERATIONALLT  READT  FACTOR 

NOTE 

OPLAN 

OPERATING  PLAN 

A WSORF . K = TABHL ( WSORF  T , USORP . K . 0 . 50 . 1 0 ) 

NOTE 

USORP 

WEAPON  STSTEH  OR  PERCENT 

A HTBF.K=HTBFC*TE4D.K*HTBFAH.K 
A HT8FAH.K=TA8HL(HTBFHTfUSAA.Ki5000i 15000*2000) 
T KTBFHT  =1/1.05/1.13/1.25/1.6/1.? 

A TE40.K=SH0GTH(TE4.K,13) 


NOTE 

HTBF 

HEAN  TIHE  BETWEEN  FAILURES 

NOTE 

HTBFC 

HTBF  INITIAL  CONSTANT 

NOTE 

HTBF AH 

HTBF  AGE  HULTIPLIER 

NOTE 

TE4D 

TECHNICAL  EFFECTIVENESS  DESIGNED (SMOOTHED) 

NOTE 

TE4 

TECHNICAL  EFFECTIVENESS  DESIGNED 

NOTE 

USAA 

WEAPON  SISTER  AVERAGE  AGE 

As  use  increases , the  number  of  system  deficiencies  also 
increases.  The  actual  use  rate  is  determined  by  the  flying 
hours  or  mission  programs  and  the  constraints  that  exist 
from  the  current  inventory.  As  more  and  more  weapons 
become  non-operational , the  operating  plan  cannot  be  fully 
accomplished.  The  other  determinant  of  system  deficiencies 
is  the  inherent  system  reliability.  This  is  expressed  in 
terms  of  mean  time  between  failures  (MTBP).  In  this  model, 
an  aggregate  measure  is  used  to  show  the  ratio  of  weapon 
system  failures  to  the  operating  program  period.  The 
failure  rate  is  influenced  by  the  technical  effectiveness 
achieved  in  the  production  process,  equipment  aging,  and 
equipment  enhancements  due  to  modification  of  existing 
systems. 


The  activities  and  decisions  affecting  the  main- 
tenance rate  are  represented  by  the  equations: 

A US0RP.X=WS0.K/ (WSN.K+WSO.K) 

NOTE  WSORP  WEAPON  SYSTEMS  0°ERATI0NAL  READY  PERCENT 

NOTE  WSO  WEAPON  SISTERS  OPERATIONAL 

NOTE  WSN  WEAOPN  SISTER  NON-QPERATIOMAL 

A 0$R.K--WSGRP.K*O$Cf 

NOTE  OSR  OtS  REQUIRED 

NOTE  OSCF  OiS  COST  cACT0R 

A PFOS  . j<* TA8HL  ( PPOST , WSORP  .Ktiilt.2) 

T PFOSTM/l/t/l. 15/1. 82/2. 68 
NOTE  PFOS  PRESSURE  FOR  O&S 
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A OSF.K=QSDAM.K*PFOS.K 


NOTE 

OSF 

OSS  FACTOR 

NOTE 

OSOAM 

OSS  DOLLAR  AVAILABILITY  MULTIPLIER 

NOTE 

OSA 

OSS  AVAILABLE 

A 0SDAH.K*TABL£(0SDAHT,0SR.K/0SA.Km»0.2».2) 

T 0SDANT=l/.?8/.9/.S2/.7/.5Z/.38/.Z9/.Z&/.24/.22 


The  percent  of  the  total  weapon  systems  operational  is  used, 
to  determine  the  relative  degree  of  pressure  that  is  placed 
on  the  logistics  system  to  provide  support.  As  more  systems 
become  non-op er at ional , pressure  is  increased.  This  pres- 
sure acts  to  increase  the  maintenance  rate;  however,  funds 
may  limit  the  degree  to  which  maintenance  can  support  the 
increased  demands. 

The  rate  that  weapons  are  removed  from  the  inven- 
tory is  determined  by  the  number  of  weapon  system  attri- 
tions and  the  planned  rate  of  retirement.  The  equations 
which  represent  the  decision  process  which  supports  the 
actions  to  remove  weapon  systems  from  the  U.S.  inventory 
as  depicted  in  Tigure  5-2 7 are  shown  below: 


L AHSA  .K=AWSA.  J+DT*  (WSAR.JK-USARR..JK) 

R USAR.KL=USE.K 

R MSARR . KL--  ( POOF . K*AWSA . K ) +WSAA . K*WSRR . JK 


NOTE 

AUSA 

ACCUMULATED  WEAPON  SYSTEM  ACE 

NOTE 

WSAR 

WEAPON  SYSTEM  AGE  RATE 

NOTE 

USARR 

WEAPON  SYSTEM  AGE  RESTORATION  S RETIREMENT  RATE 

NOTE 

USE 

WEAPON  SYSTEM  USE 

NOTE 

NOOK 

MODIFICATION  FACTOR 
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A Hbflfl.KsaHSa.K/IHbU.K+WN.K) 

R WSRR . KL=NIN ( l i WSQ . K» (ATTR+WSRF . K ) I 

A WSRF . KUASHL  (USRFT  i USAA . K . 1500 . 1 Mi , Z500 ) *TN . K 


NOTE 

NOTE 

NOTE 

NOTE 

NOTE 

NOTE 


WSRFT=0/. 33/. 44/1.03 

USAA  WEAPON  STSTEN  AVERAGE  AGE 

WSRR  WEhPON  STSTEN  RETIREMENT  RATE 

WSO  WEAPON  STSTENS  OPERATIONAL 

WSN  UEAFCN  STSTENS  NON-QPERATIONAL 

ATTR  ATTRITION  FACTOR 

WSRF  WEAPON  STSTEN  RETIREMENT  FRACTION 


The  original  plan  for  retiring  systems  is  'based  on  the 
expected  operational  life  of  tlie  system.  As  the  system 
ages,  the  percentage  of  systems  which  are  retired  from  the 
inventory  increases.  The  original  plan  is  altered  hy  the 
actual  needs  for  U.S.  capability.  If  deficiencies  exist, 
retirement  is  delayed  until  new  capabilities  can  be 
developed.  This  delay  occurs  -until  the  inventories  are  no 
longer  capable  of  providing  any  mission  area  capability  or 
all  systems  are  retired. 

This  completes  the  system  flows  which  occur  over 
the  life  cycle  of  a weapon  system  for  U.S.  forces.  The 
next  two  sections  will  describe  the  system  flows  which  apply 
to  the  allied  and  enemy  defense  systems.  In  many  cases  the 
model  concepts  sire  similar  to  those  represented  in  the  U.S. 
defense  system.  These  similarities  will  be  noted  as  appro- 
priate. 


Allied  Sector 


The  Allied  Sector  contains  the  flow  of  weapons  and 
information  associated  with  weapon  system  decisions.  The 

198 


"basic  structure  of  the  inventory  flow  is  similar  to  the  U.S. 
Operations  Sector.  In  addition  to  this  structure,  the  force 
aging,  capability  and  threat  assessment,  are  also  similar. 
The  unique  portions  of  this  sector  involve  allied  evalua- 
tions of  productive  capacity  and  desires  to  produce  or 
purchase  weapons.  This  decision,  in  part,  affects  the 
political,  military,  and  economic  ties  with  the  U.S.  and 
determines  the  allied  demands  for  acquisition  in  the  U.S. 

The  flow  diagram  contained  in  Figure  5-28  depicts 
the  flow  of  inventory  through  the  allied  defense  system. 

As  noted,  the  structure  is  very  similar  to  the  U.S.  opera- 
tions. The  only  difference  is  that  purchase  of  inventory 
from  the  U.S.  is  also  represented  in  the  allied  defense 
system.  The  equations  which  apply  to  this  structure  are: 


L AUSP.K=AUSP.J+(DTI (AUSPR. JK-AWSDR . JK) 

R AUSPR, KL:FSHIFT (APIAN. K) 

A ADELR. K=24/AURCF.K 
R AUSDR . KL=DELAY3 ( AUSPR . JK - ADELR . K) 

NOTE  AUSP  ALLIED  UEAPON  SYSTEMS  IN  PRODUCTION 

NOTE  AUSPR  ALLIED  UEAPON  SYSTEMS  PRODUCTION  RATE 

NOTE  APLAN  ALLIED  PLANNED  PRODUCTION 

NOTE  ADELR  ALLIED  DELAT  RATE  IN  PRODUCTION 

NOTE  AURCF  ALLIED  URGENCY  FACTOR 

L AUSO . K--AUS0 . J+DT»  ( AUSDR . JK+AUSMR . JK-AUSUR . JK+AFHSDR . JK ) 


SYSTEMS  USE  RATE 


NOTE 

AUSO 

ALLIED 

NOTE 

AUSDR 

ALLIED 

NOTE 

AUSNR 

ALLIED 

NOTE 

AUSUR 

ALLIED 

NOTE 

AFNSDR 

ALLIED 
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L AHSH.K--flUSH.JMDT)  (AUSUR.JK-AUSJ1R.JK-AUSRR.oK) 
R AU$NR.KL--AU$N.K*AHPCT 
R AUSUR . KL=AUS0 . K*AUPCT 
R AUSRR . XL=ARETC-»AHSN . K 


NOTE 

AUSN 

ALLIED  WEAPON  SYSTEMS  NON-QPERATIONAL 

NOTE 

AUSRR 

ALLIED  WEAPON  SYSTEMS  RETIREMENT  RATE 

NOTE 

AHPCT 

ALLIED  PERCENTAGE  OF  WEAPONS 

REPAIRED 

NOTE 

AUPCT 

ALLIED  PERCENTAGE  OF  WEAPONS 

USED 

NOTE 

ARETC 

ALLIED  RETIREMENT  CONSTANT 

l USFAI  .K-USFAI . J+DTMATXR,  JK-AFHSDR.  JK) 

R AFHSDR.KL=DELAY3iATXR. JKp2*) 

R ATXR.KL=FHSIFTiFMSA.K) 


NOTE 

USFAI 

WEAPON  SYSTEMS  FOR  ALLIED  INVENTORIES 

NOTE 

ATXR 

ALLIED  TRANSFER  RATE 

NOTE 

FMSA 

FOREIGN  MILITARY  SALES  AGREEMENTS 

NOTE 

ARETC 

ALLIED  RETIREMENT  CONSTANT 

U.S.  transfer  of  arms  to  allied  nations  is  determined  b y the 
level  of  approved  foreign  military  sales  agreements.  Sys- 
tems are  scheduled  for  delivery  to  the  allies  after  a delay 
to  facilitate  administrative  and  procurement  activities 
which  must  occur  to  prepare  the  weapon  systems  order.  The 
combined  effect  of  allied  inventories  leads  to  capability. 
This  capability  includes  both  quantitative  and  qualitative 
features  as  noted  in  the  Need  Sector  for  U.S.  defense. 

In  the  model,  the  qualitative  features  which  relate 
to  allied  inventories  are  represented  as  a function  of  the 
degree  of  standardization  between  U.S.  and  allied  inventory 
and  the  average  age  of  the  allied  force.  The  flow  diagram 
contained  in  Pigure  5-29  depicts  the  determination  of  aging 
and  standardization.  The  following  equations  correspond 
to  the  standardization  aspect  of  inventory  quality: 
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A ACEF.X=TABHL(ACFT.AAGE.X/12fM*.l) 
t «Fw/um/i/f. 25/1. tm.§ 
NOTE  ACEF  ACE  FACTOR 

NOTE  AAGE  AVERAGE  AGE 

NOTE 

A STDF,K=TA8HL(STDFTtAP$W$.Kr0i ti .1) 


T STDFT =2/1 . 75/ 1/ .85/  .65/ . +3/ .3#/ . 23/ . 17/ . 12/ . iJ5 

NOTE  STDF  STANDARDIZATION  FACTOR 
A AQF . K ( HO ) = T ABHL I AQUAl  > T l HO ) * ACEF . X / STDF . X , i , 1 2 1 , 1 2 1 

T AflUAL= 1 . 1/ . 99/ . 99/ . 98/ . 95/ . 85/ . 7/ . 55/ . 35/ . 25/ . 1 
NOTE  AQF  ALLIED  QUALITY  FACTOR 

NOTE  T TINE 

A APSWS.X=ASTINV.X/ (AWSO.X+AUSN.X) 

L ASTINV.X--ASTINV.J+DTMASTR.JX) 

R ASTR. XL -FNSA . X ( 1 ) +SN I TCH ( i . AWSDR . JKiCOFAC.K) 

A COFAC.X=ACOPR.XHISCOPA.K 

ALLIED  PERCENTAGE  OF  STANDARDIZED  WEAPON  SYSTEMS 
ALLIED  STANDARDIZED  INVENTORY 
ALLIED  WEAPON  SYSTEMS  OPERATIONAL 
ALLIED  WEAPON  SYSTEMS  NON-0PERATIONAL 
ALLIED  STANDARDIZATION  TRANSFER  RATE 
FOREIGN  MILITARY  SALES  AGREEMENTS 
ALLIED  WEAPON  SYSTEMS  DELIVERY  RATE 
COPRODUCTION  FACTOR 
ALLIED  COPRODUCTION  REQUEST 
US  COPRODUCTION  AGREEMENT 


NOTE 

APSWS 

NOTE 

A5TINV 

NOTE 

AWSO 

NOTE 

AUSN 

NOTE 

ASTR 

NOTE 

FNSA 

NOTE 

AWSDR 

NOTE 

COFAC 

NOTE 

ACOPR 

NOTE 

USCOPA 

Standardization  results  from  "both,  foreign  military  sales  and 
co-production  agreements.  As  the  number  of  allied  systems 
common  to  U.S.  forces  increases,  the  overall  quality  factor 
is  increased.  This  concept  assumes  that  capability  is 
enhanced  as  support  increases.  Standardized  equipment 
enhances  the  logistics  system's  ability  to  respond  to 
demands  for  equipment,  supplies,  and  personnel  to  support 
mission  requirement  for  both  U.S.  and  allied  forces.  This 
is  particularly  important  in  wartime. 

The  age  of  the  force  also  impacts  the  quality  aspect 
- of  the  allied  inventory.  The  equations  for  this  concept  are 
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H FLTAG£'-AAG£*USO 
L FLTACE . K=FLTAGE . J+OT« ( ACER . UK  I 
R AGER,KL:AWSO.K+AW$N.K-AW$RR. JK*AACE.k*DI$TK 


NOTE 

FLTACE 

COMBINED  ACE  OF  ALLIED  FLEET 

NOTE 

AU30 

ALLIED  WEAPON  SYSTENS  OPERATIONAL 

NOTE 

ACER 

ALLIED  AGE  RATE 

NOTE 

AWSN 

ALLIED  WEAPON  SYSTEMS  NON-OPERATIONAL 

NOTE 

AWSRR 

ALLIED  WEAPON  SYSTEMS  RETIREMENT  RATE 

NOTE 

DISTK 

DISTRIBUTION  CONSTANT 

A AACE.K=FITAC£.K/ (AWSQ.K+AWSN.K) 

NOTE 

AAGE 

AVERAGE  ACE  OF  ALLIED  WEAPONS 

The  product  of  weapon  system  quantities  and  the 
related  quality  is  the  basis  for  determining  allied  capa- 
bility. Capability  is  used  to  compare  to  threats  in  order 
to  determine  weapon  system  plans.  The  same  concept  as 
applied  in  the  U.S.  needs  sector  is  used.  In  Figure  5-30 
the  threat  assessment  and  planning  activity  are  shown.  The 
following  equations  correspond  to  the  portion  of  the  flow 
diagram  which  depicts  deficiency  identification. 


A 

ACAP .K (MO) 

= ( AWSO . K+AUSN . K+AWSP .K+SUMV < APLAN . K ( ♦ M > 

X 

T (NO) 1 )*ACPWS*AOF.K(NO) 

A . 

ADEF.KIMO) 

=MAX ( ADIF . K (MO ) »i)»ADPCT.K 

A 

ADIF.K(MO) 

=ECAP.K (MO) -ACAP . K (MO) -USCAP . K (MO  > 

NOTE 

ADEF 

ALLIED  DEFICIENCT 

NOTE 

ADIF 

ALLIED  DIFFERENCE  IN  CAPABILITY 

NOTE 

ADPCT 

ALLIED  PERCENTAGE  OF  DEFICIENCT 

NOTE 

ECAP 

ENEMY  CAPABILITY 

NOTE 

ACAP 

ALLIED  CAPABILITY 

NOTE 

USCAP 

US  CAPABILITY 

A 

AURCF . K=TABLE  (EWCT , AURC . K/ 1 2 .Ml  r 1 ) 

A 

AURC.K=URGENCY (AOEF.K) 

NOTE 

AURGF 

ALLIED  URGENCY  FACTOR 

NOTE 

EWGT 

URGENCY  WEIGHTING  TABLE 

NOTE 

AURC 

ALLIED  URGENCY-TINE  TO  FIRST  DEFICIENCY 
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Allied  Sector — Threat  Assessment  and  Planning 


A APTHR.K(«0)=<EINT.K-USINT.K)*AD£F.KfH0) 

NOTE  APTHR  ALLIED  PERCEIVED  THREAT 

NOTE  EINT  ENENT  INTENT  TO  USE  FORCE 

A ADWSL  ,K<»0>= ADESWF* APTHR . X t **0 ) / ACPWS 

NOTE  ADWSL  ALLIED  DESIRED  WEAPON  STSTEMS  LEVEL 

NOTE  ADESWF  ALLIED  DESIRE  FOR  WEAPONS  FACTOR 

NOTE  ACPWS  ALLIED  CAPABILITT  PER  WEAPON  STSTEH 


A portion  of  the  total  deficiency  is  allocated  to  the 
allies.  The  deficiency  "becomes  the  "basis  for  threat  and 
determines  the  sense  of  urgency  which  drives  the  weapon 
systems  planning  process. 

As  needs  become  urgent,  the  production  plans  are 

/ 

increased  if  production  capacity  is  available.  The  plan- 
ning process  is  accomplished  in  two  phases:  near-term  and 
long-range  planning.  ITean-term  planning  is  less  flexible 
because  the  time,  and  the  financial  and  material  resources 
may  not  be  available.  This  means  that  near-term  needs  may 
not  be  fully  satisfied  immediately.  Long-range  plans  do 
reflect  all  deficiencies  because  adequate  time  is  available 
to  prepare  for  weapons  production.  The  equations  for  the 
allied  production  plans  are: 

FOR  IA1-I i3A 

L APLAN.K(IAl) -APLAN. J(IA1)+DT*(APACC. JK(IAl) ) 

R APACC.KL(IAl) =H1N(A$DEV,XI I A1 ) tAPPC.K! 

A ASDEV.K(IAl)=SUHV(ADWSL.K(»Mi36)+CLIP(liRtT(IAll  tl2l/ 

I (36-AURC.K) 

NOTE  APLAN  ALLIED  PLANNED  PRODUCTION 
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NOTE 

APACC 

NOTE 

ASDEV 

NOTE 

APPC 

NOTE 

ADUSL 

NOTE 

AURG 

NOTE 

T 

FOR 

IA2=37 » 12# 

ALLIED  PRODUCTION  ACCELERATOR 

ALLIED  SCHEDULE  DEVIATION 

ALLIED  PROJECTED  PRODUCTION  CAPACITY 

ALLIED  DESIRED  WEAPON  SYSTEMS  LEVEL 

ALLIED  URGENCY— TINE  TO  FIRST  DEFICIENCY 

TINE 


L APLAN.K ( IA2) =APLAN. J ( IA2)*DT*IALRADJ.JK IIA2-36) ) 

R ALRADJ.KL(IA2-38)=CLIP(NAWS.K(IA2) i ADECP . K » ADEC8 . K) 


NOTE 

ALRADJ 

ALLIED  LONG-RANGE  ADJUSTMENT  RATE 

NOTE 

NANS 

NUMBER  OF  ALLIED  WEAPON  SYSTEMS 

NOTE 

ADECP 

ALLIED  DECISION  TO  PRODUCE 

NOTE 

ADEC8 

ALLIED  DECISION  TO  BUT 

The  allied  intent  to  use  force  is  a function  of  the 
threat  perceived.  As  threat  increases , the  allies  may  seek 
other  alliances  if  the  U.S.  is  not  able  or  willing  to  pro- 
vide support.  This  action  changes  the  allied  intent  towards 

the  U.S.  causing  a change  in  the  deficiency  equation:  the 

« 

allies  become  friendly  towards  the  enemy,  thus  reducing 
their  perceived  threat.  The  equations  which  represent  this 
concept  are: 


A AINT.K=TABHL(AUGTiAINTF.K»-lili.2) 

A AINTF.K=SHOOTH(SUM(APTHR.K)/120r3l 
T AHCT=i/g/#/.05Mi/.25M5/.85/.99/-.S»/-l.*« 

NOTE  AINT  ALLIED  INTENT  TO  USE  FORCE 

NOTE  AINTF  ALLIED  INTENT  FACTOR 

NOTE  APTHR  ALLIED  PERCEIVED  THREAT 

A ADPCT . K=TABL£ ( APFT  r AINT . K » - 1 1 1 1 . 2) 

T APFT*-lJ/-.84/-.25/-.15/-.05/0/.»5/.15/.25/.AI/.G5 
NOTE  ADPCT  ALLIED  PERCENTAGE  Or  DEFICIENCY 


The  allied  decision  concerning  production  or  pur- 
chase of  weapons  is  influenced  by  the  ability  of  their 
industrial  base  to  produce  weapons.  The  flow  diagram 
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contained  in  Figure  5-3^  depicts  the  decision  structure  which 
exists  to  determine  make  or  buy  decisions.  The  following 
equations  correspond  to  the  diagram. 


A ARUCUS . K=RAADP . K*RESCF . K 
A RESCF  .K-TABXT  ( RSCFT » RAADP . K»#*  1M.  I II 

T RESCFT*l.E4/l.E4/tm/65«/4M/28«/20l/lAi/8*/*»/t« 

NOTE  ARUCWS  ALLIED  RESOURCE  UNIT  CONSTRAINT  PER  WEAPON  SYSTEM 

NOTE  RAADP  RESOURCES  ALLOWED  POR  ALLIED  DEFENSE  PRODUCTION 

NOTE  RESCF  RESOURCE  COST  FACTOR 

A ACAPDP . K-HIN ( ARUCWS . K . AGNP . K*APGNPDI 

NOTE  ACAPDP  ALLIED  CAPACITY  FOR  DEFENSE  PRODUCTION 

NOTE  ARUCWS  ALLIED  RESOURCE  UNIT  CONSTRAINT  PER  WEAPON  SYSTEM 

NOTE  AGNP  ALLIED  GROSS  NATIONAL  PRODUCT 

NOTE  APGNPD  ALLIED  PERCENT  OF  GNP  TO  DEFENSE 

C APGNPD*.  M3 

N AGNPMEli 

L AGNP.K=ACNP.J+DT*(AGNPCR.UK) 

R ACNPGR . KL =ACNP . MACNPCF 

C AGNPGF  = . 182 


NOTE 

APGNPD 

ALLIED  PERCENT  OF  GNP  TO  DEFENSE 

NOTE 

AGNP 

ALLIED  GROSS  NATIONAL  PRODUCT ,GNPI 

NOTE 

AGNPGR 

ALLIED  GNP  GROWTH  RATE 

NOTE 

AGNPGF 

ALLIED  GNP  GROWTH  FACTOR 

NOTE 

ACAPDP 

ALLIED  CAPACITT  FOR  DEFENSE  PRODUCTION 

NOTE 

ADECP 

ALLIED  DECISION  TO  PRODUCE 

Productive  capacity  is  determined  by  the  constraints  from 
resources  and  the  economy.  If  more  capacity  exists  than  is 
planned  for  defense,  the  allied  desire  to  co-produce 
increases.  If  the  productive  capacity  is  not  sufficient  to 
meet  all  needs  for  defense  production,  the  allied  nation 

must  consider  foreign  military  sales  with  the  U.S. 

I 

The  allied  decision  process  relative  to  foreign 
military  sales  is  depicted  in  the  flow  diagram  contained  in 
Figure  3-32.  The  equations  for  this  diagram  follow: 
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Figure  5-32 

Allied  Sector — Foreign  Military  Sales  Decision 
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A NAUS.K(MO)  =CL IP ( APTUR . i< (flO ) -'JSCPWS . X4C0HP .-<INO)  > AOWSL . K ( XO ) > 

l ADECP. KiACOAUS.K) 

NOTE  NAUS  NUMBER  OF  ALLIED  WEAPON  SYSTEMS  PLANNED 
NOTE  COMP  COMPUTED  TRADEOFF  FACTOR 

NOTE  ADECP  ALLIED  DECISION  TO  PRODUCE 

NOTE  ACOAUS  ALLIED  COST  FOR  ALLIED  WEAPON  SYSTEMS 
A NUSUS . K (HO) =CLIP  < ACPUSiCOMP .KIHO) t APTHR . K ( HO) /USCPWS . K i 

l ADECP . K » ACOUWS . :<) 

NOTE  NUSUS  NUMBER  OF  US  WEAPON  SYSTEMS  BANNED 

NOTE  ACPUS  ALLIED  CAPABILITY  PER  WEAPON  SYSTEM 

NOTE  COMP  COMPUTED  TRADEOFF  FACTOR 

NOTE  ADECP  ALLIED  DECISION  TO  PRODUCE 

NOTE  ACOUWS  ALLIED  COST  FOR  US  WEAPON  SYSTEMS 

A COMP , K (MO)  = ( ACOSHS»APTHR.K (MO  I -ACAPOP .XI ) / (USCPWS . K«ACO$WS 

l -ACPUS*ACEUS.K) 

NOTE  ACAPOP  ALLIED  CAPACITY  FOR  DEFENSE  PRODUCTION 

NOTE  ACBUS  ALLIED  COST  TO  BUY  WEAPON  SYSTEMS 


The  decision  process  involves  a trade-off  of  cost  and 
threat  considerations  of  three  alternatives:  total  self- 


sufficiency, a mix  of  U.S.  and  allied  inventory,  or  foreign- 
military  sales.  The  goal  in  this  trade-off  is  assumed  to 
be  cost  oriented  as  long  as  the  deficiency  is  satisfied. 

The  evaluation  which  precedes  this  decision  involves  an 
analysis  of  cost,  desire  for  weapon  systems,  threat,  cur- 
rent plans,  and  capability.  The  decision  which  results 
from  this  analysis  and  the  inventory  mix  determination 
establishes  the  basis  for  foreign  military  sales  desires. 


The  equations  which  represent  the  inventory  mix  are: 


FMSA,X(NQ)=FMSA. J (MO) +DT* (FMS8R.JK (MCI ) 
FMSBR.KL(MO) :CLIP(NUSUS.K(HQ) ADECP. K1ADEC8.K) 
FOREIGN  MILITARY  SALES  AGREEMENT 
FOREIGN  MILITARY  SALES  3UY  RATE 
NUMBER  OF  US  WEAPON  SYSTEMS  PLANNED 
ALLIED  DECISION  TO  PRODUCE 
ALLIED  DECISION  TO  BUY 


NOTE 

FMSA 

NOTE 

FHSBR 

NOTE 

NUSUS 

NOTE 

ADECP 

NOTE 

AOECB 

A ACOAUS . KsSUH ( ADUSL . K ) * ACOSUS 
A ACOUUS . K=SUH(APTKR.K)  *ACBUS . K/USCPWS . K 
A ACOMUS . K=SUH (NAUS . K ) ♦ACOSWS+SUH (NUSWS.X) *ACBUS . K 
NOTE  ACOAUS  ALLIED  COST  FOR  ALLIED  WEAPON  SYSTEMS 

NOTE  ACQSWS  ALLIED  COST  PER  WEAPON  SYSTEM 

NOTE  ACOUMS  ALLIED  COST  FOR  US  WEAPON  SYSTEMS 

NOTE  ACBWS  ALLIED  COST  TO  BUT  WEAPON  SYSTEMS 

NOTE  USCPWS  US  CAPABILITY  PER  WEAPON  SYSTEM 

NOTE  NAWS  NUMBER  OF  ALLIED  WEAPON  SYSTEMS  PLANNED 

NOTE  NUSWS  NUMBER  OF  US  WEAPON  SYSTEMS  PLANNED 

A ADECB . K=MIN ( ACOUUS . K i ACOHWS . K ) 

A ADECP . K=SMOOTH ( M I N ( ADECB . K r ACOAUS . K ) . 1 ) 

NOTE  ADECB  ALLIED  DECISION  TO  BUY 

NOTE  ACOUUS  ALLIED  COST  FOR  US  WEAPON  SYSTEMS 

NOTE  ACOMWS  ALLIED  COST  FOR  MIXED  WEAPON  SYSTEMS  INVENTOR 

NOTE  ADECP  ALLIED  DECISION  TO  PRODUCE 


The  role  of  allied  defense  in  the  worldwide  mili- 
tary environment  is  important.  As  allies  seek  to  protect 
themselves  from  enemy  threat,  the  total  U.S. /allied  capa- 
bility increases  and  presents  a threat  to  the  enemy. 

Enemy  Sector 

The  final  sector  depicts  the  flow  of  weapon  systems 
and  the  related  information  network  applicable  to  enemy 
defense.  This  sector  depicts  two  primary  structures.  The 
first  is  the  actual  flow  of  inventory  in  the  enemy  defense 
system.  The  second  depicts  the  threat  analysis,  political 
intentions,  and  defense  planning  activities.  The  enemy 
sector  flow  diagrams  are  provided  in  Figure  5-33  and  5-34-. 
The  similarities  to  the  allied  structures  contained  in 
Figure  5-28  and  5-30  should  he  noted.  The  equations  which 
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represent  the  flows  of  inventory  in  the  enemy  system  are 
given  "below: 

L EUSP .K=EUSP . J+  <DT)  (EVJSPR .JK-EUSOR ..JK) 

R EWSOR . KL=DELAT3 (EW3PR . JK , EDELR . K) 

R EU3PR.KL=FSHIFT (EPLAN.K) 

NOTE  EPLAN  ENENT  PLANNED  PRODUCTION 

NOTE  EUSP  ENENT  WEAPON  SYSTEMS  PRODUCTION 

NOTE  EWSPR  ENEMY  WEAFON  SYSTEMS  PRODUCTION  INPUT  RATE 

NOTE  E’WSBR  ENENT  WEAPON  STSTENS  DELIVERY  RATE 

A EDELR. K=24/EURGF.K 

NOTE  EDELR  ENENT  PRODUCTION  DELAT  FACTOR 

NOTE  EURGF  ENENT  URGENCT  FACTOR 

L EUSO . K= EUSO . J+ ( DT ) (tUSDR . JK+EUSHR . UK-EWSUR . JK) 

NOTE  EWSO  ENENT  WEAPON  STSTENS  OPERATIONAL 

L EWSN.K=EW$N.J+(DT) (EUSUR . JK-EWSMR . JK-EUSRR . JK) 

NOTE  EUSN  ENENT  WEAPON  STSTENS  NQN-OPERATIONAL 

NOTE  EUSRR  ENENT  WEAPON  STSTENS  PETIRENENT  RATE 

R EUSUR . KL=EUPCT+EUSC . K 

NOTE  EUPCT  ENENT  PERCENTAGE  OF  WEAPON  STSTENS  USED 
R EWSNR.KL=ENPCT*EWSN.K 

NOTE  ENPCT  ENENT  PERCENTAGE  OF  WEAPONS  REPAIRED 

R EWSRR . KL= EUSN . K« . 302/EURGF . X 

A ECAP . K ( NO ) = (EUSP . K+EUSC . K+EWSN . K+SUNV (EPLAN . K ( * ) i 

l liT(NOt)  HECAPU3 

NOTE  ECAP  ENENT  CAPABILITT 

NOTE  EPLAN  ENENT  PLAN  FOR  WEAPON  STSTENS  PRODUCTION 

NOTE  ECAPUS  ENENT  CAPABILITT  PER  WEAPON  SYS^EN 


The  only  real  differences  in  the  allied  and  enemy  sectors 
are  the  exclusion  of  arms  transfers  in  the  enemy  sector  and 
the  values  of  goals  established  by  the  enemy.  In  many 
cases,  the  enemy  was  assumed  to  establish  higher  goals 
concerning  weapon  system  inventory  and  desired  capability. 
These  desires  influence  the  worldwide  threat  situation. 

The  equations  which  apply  to  the  enemy  evaluation 
of  threat  are  similar  to  the  concepts  presented  in  both 
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the  U.S.  and  allied  defense  systems.  Threat  is  a function 

of  the  relative  difference  in  capability  and  the  intent 

of  others  to  use  force.  This  threat,  in  turn,  determines 

the  intent  of  the  enemy  towards  others.  The  equations 

which  apply  to  enemy  threat  are: 

A EINT . K=TABHL ( E 1 NTT » SUH (EPTHR ) / 1 Z0  t - 1 . 1 r . 2) 

NOTE  EINT  ENEMY  INTENT 

NOTE  EPTHR  ENEMY  PERCEIVED  THREAT 

T EINTM.  99/1. 7/1. 3/1. 15/1. 05/1/1. 05/1. 15/1.3/1.7/1. 9? 

A EINTF.K=SHGGTH(SUH(EPTHR! /lZ0to) 

NOTE  EINTF  ENEHT  INTENT  FACTOR 

A EDWSL . K < MO) =EDESWF*EPTHR . K (MO ) /ECAPMS 
NOTE  EDWSL  ENEHT  DESIRED  WEAPON  STSTEHS  LEVEL 
NOTE  EDESWF  ENEHT  DESIRE  FOR  WEAPONS  FACTOR 
NOTE  ECAPWS  ENEHT  CAPABILITT  PER  WEAPON  STSTEH 
A EPTHR. K (HO) r (USINT . K+A INT .K) *EDEF . K (HO) 

NOTE  USINT  US  INTENT 

NOTE  AINT  ALLIED  INTENT 

NOTE  EDEF  ENEHT  DEFICIENCY 

The  deficiency  is  determined  by  the  evaluation  of 
TJ.S.  , allied,  and  enemy  capabilities.  The  difference 
between  the  capability  is  considered  the  deficiency  which 
will  be  included  in  the  enemy  production  plan.  The  equa- 
tions are: 


A EDEF.K(MO)=MAX(EQIF.K(KO) »«.0) 


NOT. 

EDEF 

ENEHT  DEFICIENT 

NOTE 

EDIF 

ENEHT  DIFFERENCE  IN  CAPABILITT 

A EDIF.K(HO) : 

:USCAP . K ( HO ) +ACAP . K ( NO ) -ECAP . K ( HO ) 

NOTE 

IJSCAP 

US  CAPABILITT 

NOTE 

ACAP 

ALLIED  CAPABILITY 

NOTE 

ECAP 

ENEHT  CAPABILITT 

A EURG.K=URGENCT (EDEF.K) 

NOTE 

EURG 

ENEHT  URGENCY — TIME  TO  FIRST  DEFICIENT 

T EWGT:2. 0/1. 75/ 1.35/1. 15/ 1.05/1./. 99/. 98/. 97/. 97/. 96 
A r|JRGF.K=TABLE(EWGT,EURG.K)0,;Z0ftC) 

NOTE  EURGF  ENEHT  URGENCT  FACTOF 
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The  final  concept  within  the  enemy  sector  is  the 
development  of  the  production  plan.  The  plan  is  similar 
to  the  concept  described  for  the  allied  sector;  however, 
no  resource  constraints  are  considered.  Near-term  plans 
are  considered  less  flexible  than  long-range  plans  because 
of  the  planning  cycle  required  to  develop  and  evaluate 
industrial  capability  and  provide  financial  and  material 
resources  to  defense  production.  The  equations  that 
represent  enemy  production  planning  are: 

CQR  NE=li36 

L FPLAN.K(ME! =EPLAN . J (ME) + (DT) (EFACC.JK) 

NOTE  EPLAN  ENEMY  PLAN  FOR  WEAPON  SYSTEMS  PRODUCTION 
NOTE  EPACC  EHEM  PRODUCTION  ACCELERATOR 

FOR  NEE=37i 120 

L EPLAN.  K(MEE)  =EPLAN . J (MEE)  +DT*  (EAD-J , JK  t MEE-34) ) 

R EADJ .KL ( NEE-34 1 =ED«SL .K (MEE) 

NOTE  EADJ  ENEMY  ADJUSTMENT  RATE 

In  summary,  the  enemy  sector  is  developed  in  less 
detail  because  less  information  is  available  to  managers 
in  the  U.S.  acquisition  system  about  the  decision  process. 
The  conclusions  made  about  enemy  decisions  result  from 
evaluation  of  hardware  inventories,  plans,  and  the  political 
environment  which  affects  the  goals  and  desires  of  the 
enemy  defense  system.  Enemy  goals  provide  the  basis  for 
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th.e  positive  feedback  loop  which,  is  characterized  by  the 
arms  race.  This  becomes  the  stimulus  for  DOD  mission 
requirements  and  subsequent  acquisitions  of  weapon  systems 
and  military  equipment. 

Summary 

In  this  chapter  the  decision  structure  which 
affects  actions  in  the  DOD  acquisition  process  was  developed. 
The  system  dynamics  methodology  provided  a meaningful  way  to 
display  the  important  states , flows , and  decisions  which 
exist.  These  concepts  were  further  enriched  by  mathematical 
equations  which  provide  greater  detail  to  the  concepts  which 
have  been  developed  throughout  this  thesis.  The  analysis  of 
the  descriptive  information  contained  in  Chapter  4 and  the 
structural  information  contained  in  this  chapter  provide 
great  insight  into  the  reasons  for  much  of  the  behavior  in 
the  systems  acquisition  process.  This  insight  increases 
management's  understanding  of  the  system  processes  and 
provides  a basis  to  determine  the  impact  of  policy  decisions 
prior  to  implementation. 

In  the  next  chapter,  the  conclusions  of  the  research 
will  provide  a basis  for  recommendations  to  improve  the 
system  and  address  the  managerial  applications  of  policy 
modeling  of  complex  and  dynamic  systems. 


Chapter  6 


surmax,  coNCiusioirs  , aud  recommendations 


Introduction 


The  primary  goal  of  this  research  was  to  develop  a 
policy  model  of  the  SOD  systems  acquisition  process.  The 
model  was  developed  to  assist  management  in  'understanding 
the  complex  and  dynamic  nature  of  the  system  and  to  pro- 
vide a tool  for  policy  development  and  analysis.  As  noted 
In  Chapter  1,  eight  specific  objectives  were  established  in 
order  to  achieve  this  goal.  The  objectives  were: 

1.  identify  the  structure  of  the  systems  acqui- 
sition process; 

2.  isolate  the  interactions  and  influence  of  the 
components  and  variables  within  the  system; 

3.  describe  the  decision  structure  that  determines 
the  information,  money,  and  material  flows  within  the 
system; 


4.  construct  a mathematical  model  which  represents 
the  components,  relationships,  information  flows,  and 
decisional  policies  of  the  system; 

5.  develop  a computerized  model  which  can  be  used 
for  policy  analysis  and  development; 

6.  verify  and  validate  that  the  model  represents 
the  structure  and  decision-making  process  within  the 
systems  acquisition  process; 

7.  identify  areas  of  sensitivity  or  jritical 
issues  in  acquisition  policy;  and 
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8.  suggest  changes,  if  required,  in  the  management 
structure  of  the  systems  acquisition  process. 

The  purpose  of  this  chapter  is  to  summarize  the 
research  effort  by  review  of  the  research  methodology  and 
findings  relative  to  each  objective.  In  addition,  conclu- 
sions and  recommendations  for  management  application  of  the 
policy  model  will  be  addressed.  Finally,  suggestions  for 
further  research  will  be  proposed  in  order  to  extend  the 
theoiy  and  application  of  policy  modeling  of  the  systems 
acquisitions  process  within  DOD. 

Summary  of  Research 

The  first  objective  of  this  research  was  to  identify 
the  structure  of  the  systems  acquisition  process.  This 
involved  identification  of  the  major  components  within  the 
system  as  well  as  defining  the  system  boundary.  The  struc- 
ture was  extended  beyond  the  traditional  processes  that  are 
associated  with  acquisition.  The  purpose  of  extending  the 
boundaries  was  .to  capture  the  political  process  which 
affects  the  goals  and  policies  established  for  DOD  and  the 
acquisition  of  major  weapon  systems.  The  political  process 
involves  internal  U.S.  and  international  relationships.  The 
system  was  divided  into  ten  sectors  in  order  to  assist  in 
analysis  and  model  construction.  These  sectors  are 
explained  in  greater  detail  in  the  conceptual  model  pre- 
sented in  Chapter  4.  The  sectors  included  were: 
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Political,  Need,  Financial,  Technology,  Weapon  Systems 
Research  and  Development,  Resources,  Production,  U.S. 
Operations,  Allied  Defense,  and  Enemy  Defense.  The  ele- 
ments within  each  sector  and  relationships  between  sectors 
provided  a means  to  achieve  the  second  objective. 

The  isolation  of  interactions  and  influences  between 
variables  within  the  system  was  accomplished  through  a two- 
part  approach.  The  first  resolution  of  the  model  was 
developed  as  a result  of  knowledge  obtained  from  a formal 
literature  review,  experience,  and  observations  about  the 
system.  The  second  part  of  the  research  involved  verifying 
and  validating  the  relationships  by  discussions  with  key 
managers  within  the  acquisition  system.  The  results  of 
this  effort  are  presented  in  the  description  and  diagrams 
contained  in  Chapter  4.  The  research  revealed  that  several 
key  variables  within  the  system  influence  many  of  the 
decisions  and  processes.  These  variables  determine  the 
nature  of  the  major  feedback  loops.  Threat  and  capability 
appeared  to  be  the  driving  factors  in  the  identification  of 
needs.  Approval  of  needs  was  influenced  by  the  political 
environment  which  included  international  intentions  and 
specific  desires  for  DOD  weapon  systems.  The  satisfaction 
of  needs  was  determined  by  both  the  financial  process  and 
the  research,  development,  production,  and  deployment  of 


weapons.  The  dollars  provided  to  DOD  for  system  acquisitions 
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represent  the  implicit  policy  concerning  the  relative  impor- 
tance of  DOD  in  the  achievement  of  national  goals  and  objec- 
tives. The  weapon  system  program  characteristics  determine 
the  ultimate  capability  and  cost  of  the  system. 

The  third  objective  of  the  research  was  to  describe 
the  decisional  structure  that  determined  the  informational, 
money  and  material  flows  within  the  system.  The  flow 
diagrams  and  discussion  in  Chapter  5 document  the  results 
of  this  effort.  Four  specific  decisional  structures  were 
studied  in  relationship  to  the  system.  The  first  was  the 
mission-area  planning  structure  that  exists  to  identify  ..nd 
evaluate  needs.  This  structure  was  difficult  to  capture 
because  of  the  vagueness  of  threat  and  capability  assess- 
ments. Recently,  a new  technique  has  been  applied  which 
aims  to  institutionalize  a procedure  which  may  lead  to 
improvements  in  the  process.  The  second  process  which  was 
analyzed  was  the  Defense  Systems  Acquisition  Review  Council 
decisons.  This  group  is  responsible  for  maxing  the  deci- 
sions which  relate  to  approving  mission  area  needs.  In 
this  decision,  the  trade-offs  between  various  alternatives 
to  satisfy  a specific  need  were  addressed.  The  new  poli- 
cies implementing  OHB  Circular  A-109  have  somewhat  altered 
the  decisional  process;  therefore,  the  -relative  weights  of 
the  decisional  variables  appear  to  be  changing.  The  third 
decisional  process  which  was  developed  in  the  model  is  the 
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programming  and  budgeting  process  which  determines  the 
amount  of  dollars  available  for  DOD  acquisitions.  This 
process  seeks  to  evaluate  the  various  funding  alternatives 
to  he  pursued  within  DOD.  All  three  of  these  decisional 
structures  require  a large  amount  of  data  in  order  to 
evaluate  alternatives.  The  research  revealed  that  although 
much  data  were  provided  to  the  decision-makers,  few  alter- 
natives were  actually  evaluated.  The  major  reasons  given 
for  this  were  the  volume  and  the  timing  of  information. 

The  fourth  decisional  structure  in  the  model  was  the  pro- 
gram management  evaluations  required  to  achieve  cost, 
schedule,  and  performance  goals.  The  research  indicated 
that  there  was  a general  bias  to  forego  cost  aspects  of  a 
program  in  order  to  meet  schedule  and  performance  goals; 
however,  cost  was  becoming  more  important  to  the  decisional 
process.  In  summary , the  decisional  processed  relative  to 
systems  acquisitions  are  similar.  Research  revealed  that 
managers  use  similar  information  to  make  decisions;  how- 
ever, the  amount,  timing,  and  format  of  information 
partially  determined  the  number  of  trade-offs  that  are  made 
between  and  among  alternatives. 

The  fourth  research  objective  was  to  develop  a 
mathematical  model  which  represented  the  components, 
relationships,  information  flows,  and  decisional  policies 
of  the  system.  This  was  accomplished  by  developing  the 
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structural  model  contained  in  the  flow  diagrams  into  mathe- 
matical relationships  believed  to  represent  the  system.  The 
specific  measurement  and  dimensions  of  the  variables 
resulted  from  the  functional  relationships  noted  in  the 
literature  review  and  the  interview  process.  Parametric 
techniques  were  not  used;  however,  the  relationships  orovide 

/ 

meaningful  representations  of  the  real  system.  The  measure- 
ment criteria  for  several  concepts  was  very  difficult  to 
develop.  These  concepts  include  variables  such  as  threat, 
capability,  technology,  and  political  desires.  Considera- 
tion of  these  variables  was  accomplished  by  developing 
comparative  measures  to  portray  the  relationships  which 
existed  between  variables  that  were  not  well  measured  in 
the  actual  acquisition  system.  The  system  equations  are 
presented  in  Chapter  5. 

The  mathematical  equations  were  developed  using  the 
DINAMO  simulation  notation  in  order  to  accomplish  the  fifth 
research  objective.  Experiments  with  the  simulation  model 
are  recommended  for  policy  analysis  and  development;  how- 
ever, this  was  beyond  the  scope  of  this  research.  At  the 
close  of  the  research  effort , the  model  was  tested  and 
initial  results  indicated  there  were  no  major  defects  with 
the  system  logic,  although  additional  testing  was  required 
to  fully  verify  and  validate  the  model  operation.  It  may 
now  be  used  for  policy  analysis. 
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Although,  the  model  was  not  exercised  fully,  the 
sixth  research  objective  was  accomplished  by  verifying  and 
validating  the  model  concept  and  structure.  This  task  was 
accomplished  throughout  the  research  to  ensure  internal 
validity  and  to  verify  that  the  model  was  consistent  with 
development  intentions.  This  repetitive  approach  led  to 
model  integrity  even  though  the  behavior  of  the  system  was 
not  observed  through  model  operation.  The  confirmation  of 
concepts  and  system  structure  addressed  in  the  interview 
process  provided  credence  to  the  model  validity  and  useful- 
ness in  policy  analysis. 

The  seventh  research  objective  was  to  identify  areas 
sensitive  to  the  system  behavior.  The  issues  and  discus- 
sions in  Chapter  4-  identify  areas  of  current  concern. 
Specific  attention  was  given  to  the  political  goals  and 
desires  of  the  system.  The  power  and  inclinations  of  the 
political  process  make  it  important  to  understand  the  role 
of  the  systems  acquisition  in  national  policy  development. 
The  impact  of  this  process  normally  is  expressed  in  dollars 
which  are  provided  for  DOD  research,  development,  produc- 
tion, and  operations.  The  system  was  noted  to  be  very 
stable.  Analysis  of  past  performance  and  results  of  policy 
changes  indicated  that  the  long  delays  within  the  system 
create  much  of  the  stability,  despite  the  cyclical  actions 
of  the  DSARC  and  funding  processes.  The  complexity  of  the 
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system  appears  to  make  it  difficult  to  institute  changes  in 
system  "behavior  when  only  several  variables  are  changed. 
Forrester  stated  that  this  is  characteristic  of  multi- 
looped  systems  of  complex  systems.  The  important  areas 
which  appear  to  affect  the  system  are  in  the  major  feedback 
loops.  The  evaluation  of  threat  and  capability  is  essential 
to  determining  the  requirements  which  must  be  satisfied  by 
systems  acquisition  and  support.  The  political  environment 
is  also  essential  to  the  behavior  of  the  system.  Finally, 
the  goals  that  are  established  within  DOT  for  specific 
weapon  system  performance  characteristics  impacts  the  down- 
stream cost,  schedule,  and  operational  performance  of  the 
system. 

The  eighth  research  objective  will  be  addressed  in 
the  following  sections  of  this  chapter.  The  suggestions 
and  recommendations  to  management  illustrate  the  power 
which  results  from  careful  analysis  of  system  relationships 
and  decisional  structures  within  large,  complex  systems. 

Conclusions 

The  presentation  of  this  research  has  indicated 
that  the  systems  acquisition  process  is  indeed  complex. 

The  development  of  a policy  model  provided  a valuable  tool 
for  both  policy  analysis  and  development.  The  models 
presented  in  Chapters  4-  and  5 are  the  basis  for  the 


following  conclusions,  recommendation  for  improvements,  and 
the  implication  of  policy-model  use  in  analysis  and  devel- 
opment of  DOD  acquisition  policy.  These  conclusions  repre- 
sent the  preliminary  analysis  of  the  policy  structure  within 
the  system;  however,  it  is  recommended  that  the  full  impact 
of  the  policy  decisions  which  result  from  analysis  he 
evaluated  through  exercising  the  simulation  model  developed 
in  this  research. 

The  first  general  research  conclusion  concerns  the 
system  decision  structure.  The  structure  which  supports 
policy  decisions  in  the  DOD  systems  acquisition  process  does 
not  appear  to  he  well  integrated.  This  was  noted  throughout 
the  system  processes  which  support  decisions  concerning 
planning,  programming,  budgeting,  and  approving  needs.  Key 
decisions  relative  to  acquisition  are  difficult  to  make  due 
to  the  multiple  goals  in  the  system,  vagueness  and  incon- 
sistencies within  performance  measures , and  the  nature  of 
the  information  flow.  Because  decisions  are  difficult,  the 
integrative  process  is  essential  to  balance  the  requirements 
for  military  support.  The  problem  appears  to  result  from  a 
lack  of  both  horizontal  and  vertical  integration  of  require- 
ments and  information.  Horizontal  integration  is  required 
in  order  to  make  the  necessary  trade-offs  between  mission 
areas  and  funding  appropriations.  Vertical  integration  is 
required  to  provide  consolidated  information  to  strategic 
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level  managers , rather  than  details  which  exist  at  the 
operating  levels  of  the  acquisition  hierarchy.  It  is 
believed  that  the  executive  and  legislative  branches  of 
government  should  serve  in  this  integrative  capacity; 
leaving  the  details  of  specific  acquisition  management 
problems  to  the  Services.  The  strategic  levels  in  the 
acquisition  hierarcy  must  make  the  broad  trade-offs  and 
establish  long-term  goals.  Implementation  of  the  decisions 
and  goals  should  be  the  responsibility  of  the  lower  levels 
of  the  organization  as  long  as  the  intent  and  purpose  of 
the  policy  is  consistently  implemented. 

The  second  general  research  conclusion  concerns  the 
goal  structure  within  the  DOD  systems  acquisition  process. 
There  is  a variety  of  goals  established  for  the  various 
sub-parts  of  the  system.  Many  times  these  goals  are  in 
conflict  or  are  not  consistent  within  the  levels  of  the 
organization  hierarchy.  These  goals  relate  to  the  missions 
and  performance  measures  established  within  each  process 
and  level  within  the  system.  As  noted  in  Chapter  4,  there 
are  many  goal  seeking  loops  within  the  system.  Goal  dis- 
parity was  apparent,  particularly  in  the  needs  process. 

This  disparity  results  from  the  performance,  cost,  and 
schedule  aspects  of  DOD  weapon  systems.  In  addition,  the 
goals  of  the  political  process  often  conflict  with  the 
established  goals  within  DOD. 
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The  research  also  revealed  that  there  was  little 
integration  of  the  various  sub-goals  in  the  system.  Many 
of  the  differing  sub-goals  resulted  from  the  relative 
position  of  the  decision-maker  or  organization  within  the 
acquisition  hierarchy.  The  focus  on  hardware  and  perfor- 
mance goals  at  the  operational  level  has  not  been  integrated 
with  the  funding  and  political  goals  which  affect  the 
strategic  level  management  decisional  structure.  The  goal 
disparity  has  led  to  much  confusion,  specifically  noticed 
in  the  implementation  of  0MB  Circular  A-109  policy  regarding 
mission  needs. 

In  addition  to  goal  disparity  resulting  from  mission 
or  position  in  the  acquisition  process,  the  impact  of  short- 
term goals  on  the  decision  process  was  observed.  The  goals 
established  in  acquisition  favor  achieving  near-term  goals 
without  full  realization  of  the  long-term  behavioral  effect. 
This  point  is  illustrated  by  the  general  disregard  for 
downstream  life  cycle  costs  associated  vrith  weapons  system 
operations  and  support.  Although  recent  trends  look  more 
promising  than  past  actions , current  research  and  develop- 
ment goals  often  preempt  the  consideration  of  long-term 
effects  on  logistics  support. 

The  third  general  research  conclusion  concerns  the 
performance  measures  used  in  system  acquisition.  As  noted 
in  the  preceding  paragraph,  the  measures  may  not  be 


consistent  within  the  various  levels  and  processes  within 
acquisition.  In  addition  to  this , research  revealed  that 
many  performance  measures  were  not  well  developed,  leading 
to  vagueness  and  confusion  within  the  system.  Several  areas 
are  specifically  noted  "because  they  are  considered  the 
primary  factors  within  the  system.  They  include:  threat, 
capability,  research  and  development  progress,  technology, 
and  political  desires  and  intentions,  ihe  acquisition 
process  can  "be  improved  if  a clear  ■'understanding  and  mean- 
ingful measurement  devices  can  be  developed  to  assist  in 
evaluating  system  performance.  It  is  believed  that  measures 
can  be  developed  for  variables.  Management  attention  should 
focus  on  developing  and  implementing  consistent  performance 
measures  for  the  variables  mentioned  above.  Of  particular 
concern  are  measures  for  threat  and  capability.  'These 
measures  are  considered  to  be  the  primary  determinants  of 
acquisition  needs.  Better  measures  in  these  areas  should 
assist  in  evaluating  system  requirements  and  provide  a means 
to  develop  consistent  plans.  In  addition  to  this,  the 
behavior  of  the  system  may  become  more  apparent  if  the 
vagueness  of  the  system's  performance  measures  is  removed. 

The  fourth  general  research  conclusion  is  intended 
to  draw  the  first  three  conclusions  together  and  provide  the 
basis  for  a recommendation  to  improve  the  system.  The  flow 
of  information  throughout  the  system  determines  the 
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decisional  environment . The  research  revealed  that  the 


information  flow  within  the  systems  acquisition  process  does 
not  always  support  the  decisions  which  must  he  made.  This 
leads  to  inappropriate  policies.  As  noted  in  Chapter  1, 
managers  that  operate  with  mental  models  of  the  processes 
within  their  responsibility  oft  an.  make  inconsistent  and 
incorrect  decisions  due  to  the  complex  and  dynamic  nature 
of  the  decision-making  environment.  The  establishment  of 
an  appropriate  information  system  to  assist  managers  within 
all  levels  in  the  acquisition  process  is  required.  The 
system  should  focus  on  providing  timely,  appropriate  infor- 
mation which  is  aggregated  to  the  extent  necessary  for  each 
level  of  management  and  decision-making  situation.  The 
result  of  this  management  information  system  should  assist 
in  making  better  decisions  and  appropriate  trade-offs.  In 
addition,  the  information  system  should  address  the  needs 
to  develop  specific  performance  measures.  The  policy  model 
should  be  used  to  identify  the  specific  areas  of  sensitivity 
which  can  be  improved  through  better  measurement  and  under- 
standing of  the  system  process. 

In  addition  to  exercising  the  model  to  determine 
the  areas  of  sensitivity,  managers  within  the  acquisition 
should  operate  the  model  in  conjunction  with  policy  analysis 
and  development.  Two  specific  uses  are  foreseen.  The  model 
provides  an  excellent  tool  to  evaluate  the  effects  of 
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structural  changes  to  the  system.  For  example,  the  DSARC 
and  PPBS  systems  could  he  linked  together  to  determine 
whether  the  system  behavior  improves  as  a result  of  this 
policy  decision.  The  second  use  for  policy  analysis  is  to 
evaluate  the  response  of  the  system  to  changes  in  various 
system  states.  This  could  he  used  to  determine  the  effect 
elements  such  as  increasing  worldwide  threat  or  economic 
conditions  within  the  country.  These  examples  are  hut  a 
few  of  the  potential  issues  and  problems  which  can  he 
studied  using  the  policy  model.  In  addition  to  this,  the 
model  provides  a powerful  tool  for  evaluating  the  impact  of 
proposed  policy  decisions  before  they  are  implemented  in  the 
real  system. 

Recommendations  for  Further  Study 

Further  study  is  recommended  in  order  to  realize 
the  full  benefits  of  the  policy  model  developed  in  this 
research.  The  scope  of  this  research  did  not  include  the 
actual  operation  and  analysis  of  the  policy  model  in  a 
dynamic  environment.  The  operation  of  the  model  is  recom- 
mended in  order  to  analyze  the  behavior  of  the  system  over 
time.  In  addition,  policy  experiments  should  be  developed 
to  assist  managers  in  developing  effective  policy  for  the 
acquisition  system. 

Validation  of  the  system  behavior  through  comparison 
of  simulated  behavior  with  actual  historical  trends  is  also 
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recommended.  This  process  should  seek  to  refine  variables 
and  concepts  as  necessary  to  ensure  an  accurate  representa- 
tion of  the  real  system.  This  research  began  the  validation 
process;  however,  comparison  with  a real  system  environment 
was  beyond  the  research  scope. 

The  results  of  model  operations  are  two-fold,  each 
leading  to  further  study.  First,  the  model  operation  may 
identify  areas  which  are  highly  sensitive  to  policy  deci- 
sions or  environmental  situations.  These  areas  should  be 
the  focus  of  specific  efforts  to  develop  precise  relation- 
ships between  variables  using  empirical  analysis.  Second, 
the  search  for  information  to  develop  these  relationships 
should  also  consider  the  needs  for  performance  measures  and 
the  information  system  discussed  in  the  previous  section. 

Several  specific  areas  in  the  model  require  further 
study  in  order  to  fully  represent  the  system.  The  first 
area  is  to  develop  the  flow  of  manpower  within  the  system. 
Several  simplifying  assumptions  were  required  in  the  current 
model.  The  visibility  over  skills,  motivation,  and  exper- 
ience could  provide  additional  insight  and  meaning  to  the 
model.  A second  area  concerns  the  precise  relationship  of 
the  political  and  economic  conditions  on  the  systems  acqui- 
sition process.  The  general  linkages  are  portrayed;  how-’ 
ever,  specific  relationships  were  not  explicitly  developed. 
Of  specific  concern  is  the  motivations  of  the  defense 
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industry  and  the  increasing  importance  of  the  military  alli- 
ances which  affect  the  systems  acquisition  process.  The 

! final  area  for  model  expansion  is  the  inclusion  of  capital 

L 

equipment  and  production  facility  constraints.  The  research 
revealed  conflicting  information  about  this  essential  part 
of  the  system,  more  in-depth  analysis  is  required. 

In  summary,  the  use  of  a policy  models  can  increase 
the  understanding  of  the  dynamic  and  complex  processes  which 
relate  to  the  systems  acquisition  process.  The  impact  of 
policy  decisions  can  he  analyzed  through  policy  experiments 
in  a simulation  environment.  This  feature  is,  perhaps,  the 
most  valuable  to  management  because  expectations  and  response 
of  the  system  to  changes  guide  strategic  management's  policy 
decisions  and  determine  the  ultimate  behavior  of  the  system. 
It  is  the  authors  sincere  hopes  that  this  research  will  be 
continued  and  contribute  to  the  policy-making  capabilities 
of  management  within  the  DOD  systems  acquisition  process. 
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APPENDIX  A 
INTERVIEW  GUIDE 
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1. 


Goals  and  Objectives 

’/hat  are  the  major  objectives  or  products  relative 
to  your  organization's  role  in  the  acquisition  process? 

2.  Decision  Situation 

a.  In  your  area,  what  is  one  of  the  most  critical 
decisions  you  have  made  concerning  the  acquisition 
process  in  the  last  month? 

b.  Is  this  decision  representative  of  the  types 
of  decision  situations  in  which  you  are  involved? 

c.  If  not,  could  you  give  me  an  example  of  recur- 
ring type  of  decision  which  you  are  required  to  address? 

3.  Information  Channels — Incut 

a.  How  did  you  become  aware  of  the  problem  or 
issue  that  required  a decision? 

Who? 

Organization — chain  of  command? 

External  to  organization? 

Formal  document? 

Informal  communication? 

b.  Did  you  seek  assistance  or  ask  for  further 
information  before  making  the  decision? 

'Who  did  you  go  to? 

'What  kind  of  help  did  you  request? 

How  did  you  request  assistance  (formal, 

informal )? 

h.  Decision  Making  Process  and  Refinement  of  Attributes 

a.  Did  you  consider  any  alternatives  before  making 
the  final  decision? 

What  were  the  alternatives? 
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b.  What  do  you  consider  the  major  pros  and  cons 
to  the  alternatives? 

c.  ’Why  do  you  consider  the  decision  you  made  to 
he  superior  to  the  other  alternatives? 

5.  Performance  Measurement 


a.  How  will  the  implementation  of  your  decision 
he  monitored? 

Who  will  he  responsible? 

What  is  their  relationship  to  you? 

h.  How  will  the  results  he  measured?  Is  there 
a predetermined  set  of  standards  or  performance 
measured  established? 

c.  Could  you  give  me  an  example  of  an  acquisition 
program  that  you  consider  to  he  well  managed?  ’What 
specific  characteristics  of  the  program  highlight  the 
strengths  of  the  program? 

6.  Output  and  Feedback 

a.  What  do  you  expect  the  impact  of  this  decision 
to  he  in  your  area  and  also  on  others  in  your  organi- 
zation, other  organizations,  and  the  environment? 

h.  'Who  would  benefit  or  lose  by  this  decision? 

7.  Delays 

In  your  estimation,  how  long  will  it  take  before 
the  results  of  this  decision  will  have  an  effect?  Do 
you  consider  this  to  be  complete  implementation,  or 
will  there  be  a gradual  response  to  your  decision? 

8.  Timing  and  Dynamics  of  Situation 

a.  At  the  time  you  made  the  decision,  would  you 
have  followed  a different  problem  solving  procedure 
if  there  had  been  more/less  time  available?  Explain. 

b.  Knowing  what  you  know  now,  would  you  have  made 
a different  decision  than  you  did  before? 


9.  General  Information  About  Key  Issues 

a.  In  your  opinion,  what  are  some  of  the  continuing 
problems  or  issues  in  the  system  acquisition  process 
that  the  DOD  has  not  suceeded  (or  has  ignored;  in  cor- 
recting? 

b.  Do  you  feel  these  problems  can  be  corrected  or 
the  issues  resolved?  If  so,  how  would  you  propose  to 
do  it? 

c.  What  are  some  of  the  major  trends  or  changes 
you  see  In  the  future? 
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— Colonel  Kyle  D.  Barnes,  USA?,  Director  of  Mission 
and  Functional  Planning,  Air  Porce  Systems  Command. 

— Lt.  Col.  Juan  Benjamin,  USAF,  Aeronautical  Systems 
Di-vision,  Air  Porce  Systems  Command. 

— Lt.  Col.  Lynn  T.  Berringer,  USAP,  Integration 
Branch.  Action  Officer,  Foreign  Technology  Division. 

— Colonel  R.  E.  Brence,  USAP,  Deputy  Director  of 
Contracting  and  Acquisition,  HQ  USAP  (RDC). 

— Major  General  James  L.  Brown,  Assistant  Chief  of 
Staff  for  Intelligence,  HQ  USAP. 

— Lt.  Col.  Valter  T.  Bryan,  USAP,  Chief,  Operational 
Requirements  Management  Group,  HQ  USAP,  Deputy  Chief  of  Staff 
for  Research  and  Development. 

— Budget  Examiner  Allan  7.  Burman,  National  Security 
Division,  Office  of  Management  and  Budget. 

— Mrs.  Deborah  P.  Christie,  Director,  Mobility 
Forces  Division,  DCS,  Program  Analysis  and  Evaluation, 

Office  of  the  Secretary  of  Defense. 

— David  Chu,  Assistant  Director  for  National 
Security  and  International  Affairs,  Congressional  Budget 
Office. 


— Major  General  Gerald  E.  Cooke,  Commandant , Air 
Porce  Institute  of  Technology. 

— John  Cove,  Budget  Committee,  U.S.  House  of 
Representatives . 

— Ronald  Davidson,  Program  and  Budget  Division, 
Office  of  the  Secretary  of  Defense  (Comptroller). 

— H.  L.  Everett,  Associate  Director  of  Maintenance 
and  Supply,  HQ  USAP  (LET). 

— Major  Bruce  Ewing,  USAP,  Engineering  and  Supnort 
Division,  HQ  USAP  (LETE). 
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— Donald  Gessaman,  Chief,  Na vy  Branch,  National 
Security  Division,  Office  of  Management  and  Budget. 

— Harvey  J.  Gordon,  Deputy  for  Acquisition,  Office 
of  the  Secretary  of  the  Air  Force. 

— Lt.  Col.  Robert  H.  Hale,  Directorate  of  Develop- 
ment and  Programming  Branch,  HQ  USAF. 

— Gary  D.  Hooper,  3udget  Examiner,  National  Security 
Division,  Office  of  Management  and  Budget. 

— Glen  R.  Hoover,  P—15  Systems  Program  Office, 
Aeronautical  Systems  Division,  Air  Force  Systems  Command. 

— ferry  L.  Jenkins , Mission  Area  Analysis,  Air  Force 
Acquisitions  Logistics  Division,  Air  Force  Logistics  Command. 

— Lt.  Col.  Frank  N.  Koval,  USAF,  Acting  Chief  , 
Operational  lest  and  Evaluation  Division,  HQ  USAF,  Direc- 
torate of  Operational  Readiness. 

— Major  Robert  E.  Linhard,  USAF,  Planning  and 
Programming  Officer,  HQ  USAF,  Force  Capabilities  Integration 
Division. 


— Dr.  Andrew  J.  Marshall,  Director  of  Net  Assessment, 
Offices  of  the  Secretary  of  Defense. 

— Lloyd  Moseman,  Deputy  Assistant  Secretary  of  the 
Air  Force  (Logistics),  SAF. 

— Colonel  B.  J.  Ratledge,  USAF,  Deputy  Director, 
Investment  Appropriations  Division,  HQ’ USAF  (ACBI). 

— Herman  A.  Shipley,  Office  of  Federal  Procurement 
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— Russell  Shorey,  Directorate  of  Manpower,  Reserve 
Affairs  and  Logistics,  Office  of  the  Secretary  of  Defense 

— Colonel  Robert  Sigethy,  USAF,  Deputy  Director, 
Office  of  Scientific  Research. 

— John  E.  Smith,  Deputy  Director,  Major  Systems 
Acquisition,  DCS  Research  and  Evaluation,  Office  of  the 
Secretary  of  Defense. 
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— Colonel  R.  C.  Smith.,  USAP,  Management  Policy 
Division,  Chief,  Directorate  of  Develooment  and  Programming 
Policy,  KQ  USAP  (RDP). 

— Perry  Stewart , Director  of  Concepts  and  Analysis  , 
Air  Porce  Acquisition  Logistics  Division  (ZRS). 

— Richard  A.  Stubbing,  Deputy  Chief  of  the  National 
Security  Division,  Office  of  Management  and  Budget. 

— Edward  Trusella,  Principle  Assistant,  DCS  Contrac- 
ting and  Manufacturing,  Air  Porce  Systems  Command. 

— Peter  Yam  Scheik,  Air  Porce  Propulsion  Laboratory. 

— Colonel  Karl  R.  Wiegard  and  Mr.  Ed  Bando , 

Director  of  Policy  and  Programs,  Air  Porce  Systems  Command. 

— Colonel  Bernard  Weiss,  USAP,  Director  of  Procure- 
ment and  Manufacturing,  Aeronautical  Systems  Division. 
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T NDODT =2. 5/2. 1/1. 5/ 1.2/. 84/. 47/, *2/.  21/.  15 /.II  PO-  29 
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NOTE 

NOTE 

BRF 

BUDGET  REDUCTION  PACT0R 

NOTE 

FBRONT 

FEDERAL  BUDCET  REQUIREMENT 

NOTE 

DDMD 

DOD  DEMAND  FOR  DOLLARS 

NOTE 

NODND 

NON-DOO  DEMAND  FOR  DOLLARS 

NOTE 

FYDP 

FIVE  <EARD  DEFENSE  PLANS  FOR  FUNDS 

NOTE 

GNP 

GROSS  NATIONAL  PRODUCT 

NOTE 

NOTE 

GOL 

QUALITY  OF  LIFE 

A 

PRESSF .K=PR£SSC*PRPA , K*LPF . K 

PO- 

21 

c 

PRESSC=.5 

PO- 

LL 

A 

COHCSF.K*CCNGSC*CRPA.K»LPF.K 

PO- 

-n*\ 

40 

C 

CONGSC-.4 

PO- 

2* 

A 

ELYRH.K=RAHP ( . 02 -EYM.K) +SPPTC 

PO- 

40 

A 

EYM . K=TIME .K* ( i -PULSE ( l • 1 * 48> ) 

P9- 

26 

C 

SPPTC--.5 

PO- 

27 

NOTE 

NOTE 

PRESSF 

PRESIDENTIAL  SUPPORT  FACTOR 

NOTE 

PRESSC 

PRESIDENTIAL  SUPPORT  CONSTANT 

NOTE 

CONCSF 

CONGRESSIONAL  SUPPORT  FACTOR 

NOTE 

CONCSC 

CONGRESSIONAL  SUPPORT  CONSTANT 

NOTE 

ELYRH 

election  year  multiplier 

C US0ESW=1  PO-  28 

A USPTHR . X («0)  = { E I NT . X- AI StT . K ) *USDEF . K 1 «0)  PO-  28 

A USCOF'A.K=CLIP  ( l .K*SPTMR  ,K»  .8)  PO-  39 

NOTE 

NOTE  USDESW  US  DESIRABILITY  TO  BUILD  WEAPONS 

NOTE  USPTHR  US  PERCEIVED  THREAT 

NOTE  EINT  ENEHT  INTENT 

NOTE  AINT  ALLIED  IN'ENT 

NOTE  1J3DEF  US  DEFICIENCY 

NOTE  USCOPA  US  COPRODUCTION  AGREEMENT 

NOTE  SPTHR  SMOOTHED  PERCEIVED  THREAT 

NOTE 


a 

EQUATION  NOT  USED 

PO- 

31 

A 

EQUATION  NOT  USED 

PO- 

04 

A 

USINT.K*TABHL(USINTT,SPTHR.K,0.2».2> 

PO- 

'S'K 

oo 

T 

USINTT=«/0/9/9M/. 8/1. 25/1. 97/2. 35/2. 5/2. b 

PO- 

3* 

A 

SPTHR . K=USURCF . KiSUM (USPTHR . K) / 1 29 

PO- 

35 

A 

USDWSL . K -'USDESW*  TABHL  (USDWS  7 , SPTHR , K , 3 r Z , . 2 ) 

PO- 

3 b 

T 

USDWST*. 2/. 2/. 2/.35Z.55/. 8/. 92/1/1. 05/1.1/1.1 

PO- 

37 

NOTE 

NOTE  US I NT  US  INTENT 

NOTE  SPTHR  SMOOTHED  PERCEIVED  THREAT 

NOTE  USURCF  US  URGENCY  FACTOR 

NOTE  USBWSL  US  DESIRED  WEAPON  SYSTEMS  LEVEL 

NOTE 

A DODSP  ,K= « PRESSF . K+CONGSF , K+PSOD  .XHUSDWSL  ,K*ELYRN , K PO-  38 

A PSD0,KsTA8HL(P0PSTiQ0L.Ki#f3. .3)  PO-  39 
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T P0PST*2. 9/1. 99/1. 98/1. 87/1. 45/1. 4/1. 05/. 85/. 33/. 8 
C POPSC-.i 


NOTE 

NOTE 

DODSP 

SUPPORT  FOR  DOD  IN  GENERAL 

NOTE 

PSDD 

POPULAR  SUPPORT  FOR  DOD 

NOTE 

PRESSF 

PRESIDENTIAL  SUPPORT  FACTOR 

NOTE 

CGNGSF 

CONGRESSIONAL  SUPPORT  FACTOR 

NOTE 

IJSDUSL 

US  DESIRED  WEAPON  SYSTEMS  LEVEL 

NOTE 

NOTE 

ELYRH 

ELECTION  TEAR  MULTIPLIER 

A NWSD .K=TABHL ( NUSDT . NWSP . K i h 3 1 . 3) *DODSP . K 
T NWSDT=. 21. 2/. 2/. 33/. 5/. 72/. 85/. 94/1/1. 95 


PO-  13 
PO-  11 


PO-  12 
PO-  13 


MMSP.K=CUSF*CRPA.K+PWSF*PRPA.K 


PO-  11 


NOTE 

NOTE 

NUSD 

NOTE 

NWSP 

NOTE 

CWSF 

NOTE 

PWSF 

NOTE 

CRPA 

NOTE 

PRPA 

NOTE 

NEW  WEAPON  SYSTEMS  DES1RABIL1TT 
NEW  WEAPON  SYSTEMS  PERFORMANCE  FACTOR 
COST  WEIGHTED  SUPPORT  FACTOR 
PERFORMANCE  WEIGHTED  SUPPORT  FACTOR 
COST  RATIO  PLANNED  TO  ACTUAL 
PERFORMANCE  RATIO  PLANNED  TO  ACTUAL 


GSPTRD . K ( 1 ) =TABHL (CSPTT 1 1 NUSD. K 1 9 1 1 1 . 1 ) 

GSPTRD . K I '2 ) = TABHL  ( GSPPT2  > SPTHR . K 1 3 ? 2 1 . 2 ) 

CSPTT1*. 8/. 82/. 83/. 85/. 84/. 91/. 99/1.1/1. 3/1. 5/2.0 
GSPTIN ,K  < 1 ) =TABHL (CSPTT 1 iNUSD.K»3il » . I) 
GSPT!N.K(2)=TABHL(GSPTT2iSPTHR.Ki0i2t .2) 

GSPTT2=2. 9/1. 5/1. 3/1.1/. 99/. 91/. 84/. 85/. 83/. 82/. 81 
GSPTOS . K ( 1)  --T  ABHU  GSPTT 1 , NWSD . K - 3 , 1 . . 1 ) 


PQ- 

PQ- 


15 

♦4 


PO-  17 
PO-  IS 
PO-  19 
PO-  53 
PO-  51 


A GSPTOS. K( 2) = 

TABHL)GSPTT2iSPTHR.Ki3i2i .2) 

PO- 

52 

NOTE 

NOTE 

GSPTRD 

GOVERNMENT  SUPPORT  FOR  R&D  PROGRAMS 

NOTE 

GSPTIN 

GOVERNMENT  SUPPORT  POR  INVESTMENT 

NOTE 

GSPTOS 

GOVERNMENT  SUPPORT  FOR  OfcS 

NOTE 

3PTHR 

SMOOTHED  PERCEIVED  THREAT 

NOTE 

NUSD 

NEW  WEAPON  STSTEMS  DESIRABILITY 

NOTE 

T LOBBY  =2/1 .99/1 .9/ 1 .8/1 .47/1 .5/1 .37/1 .25/1 . 14/ 1 . 1 

PO- 

53 

A L PF.K=TA8HL  (LOBBY  .CNPGR.  JK/TCF.Ki0t2i  .2HABF 

PO- 

51 

NOTE 

NGTE 

LPP 

LOBBYIST  PRESSURE  FACTOR 

NOTE 

GNPGR 

GNP  GROWTH  RATE 

NOTE 

TCF 

TECHNICAL  COMPLEXITY  FACTOR 

NOTE 

ABF 

AREA  BENEFITS  FACTOR 

NOTE 

C CUSP : 

: . 7 

PO- 

55 

C ®WSF: 

:,3 

PO- 

56 

NOTE 

NOTE 

CWSF 

COST  WEIGHTED  SUPPORT  FACTOR 

NOTE 

PWSF 

PERFORMANCE  WEIGHTED  SUPPORT  FACTOR 
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NOTE  NEED  SECTOR 
NOTE 

FOR  IN3 1 r 129 

N PLANT  IN) 3^  NO-  l 

NOTE 

a USCAP.K(HO)*(USO.K+HSN.K4«SP.K+SUHV(PLAN.K(*)»UT(NO)))*  NO-  2 

l USCPHS.K4LEF.KIHO) 

A UADEF.KiHO)  :ECAP.KlHO)-USCAP,K(NO)  -ACAP.KIHO)  NO-  3 

A USD  IF.  K (HOI  =HAl(itlJADEF.K(HOI  4USDPCT.K)  NO-  4 

A USDEF.K(HO)=HAI(0.!JSDIF,K(HO)4USD£3H)  ND-  5 

A USDPCT.K-l-ADPCT.K  ND-  6 

A USCEF.K  (HO)=NAX  rUSDIF.r<(NO)*USDE-:W)  ND-  7 


NOTE 

NOTE 

USCAP 

US  CAPABILITY 

NOTE 

UADEF 

US/ALLIED  COMBINED  DEFICIENCY 

NOTE 

USDIF 

US  DIFFERENCE  IN  CAPABILITY 

NOTE 

USDEF 

US  DEFICIENCY 

NOTE 

USDPCT 

PERCENT  OF  DEFICIENCY  TO  US 

NOTE 

A USIJRG . K = LIRGENC  T (USDEF.K) 

ND- 

8 

A USURCF . K : TABLE ! EHCT i USURG . K i 0 i 1 20 i 1 0 I 

ND- 

9 

NOTE 

NOTE 

USURG 

US  URCENCY--TINE  IN  MONTHS  TIL  FIRST  DEFICIENCY 

NOTE 

USURCF 

US  URGENCY  FACTOR 

A RDSUPP .KC1 ) =SUITCH (® »RSUP1 .KfftSUPAF.K ( 1 ) ) ND-  10 
A RDSUPP . K ( 2 ) =SU I TCH ( 0 i RSUP2 . K • RSUPAF , K ( 2 ) ) ND-  11 
A INSUPP  . K ( 1 ) =SH I TCH  < 0 1 1 SUP1 . K 1 1 5UPAF  .KID)  NO-  12 
A INSUPP.K(2)=SUITCH<0» ISUP2.K» ISUPAF.KI2) ) ) ND-  13 
A OSSUPP . K ( 1 > =SUITCH (8» OSUP 1 .K» OSUPAF . K ( 1 ) ) ND-  1* 
A OSSUPP. K(2)  :SHITCH(0»OSUP2.KiOSUP-F,K(2) ) ND-  15 


NOTE 

NOTE 

RDSUPP 

R4D  SUPPLEHENTAL  REQUEST 

NOTE 

INSUPP 

INVESTHENT  SUPPLEHENTAL  REQUEST 

NOTE 

OSSUPP 

OSS  SUPPLEHENTAL  REQUEST 

NOTE 

RSUP 

AHOUNT  OF  SUPPLEHENT  FOR  R&D 

NOTE 

I SUP 

AHOUNT  OF  SUPPLEHENT  FOR  INVESTHENT 

NOTE 

OSUP 

AHOUNT  OF  SUPPLEHENT  FOR  OIS 

NOTE 

R 

FP1 INR.KL(l) :SH!TCH!0iCNRD.KiDC4.K) 

ND- 

16 

R 

FP1INR.KU2)--FTDPC4RDC 

ND- 

17 

R 

FP2 1 NR . KL ( 1 ' =SH I TCH ( 0 1 C0ST4 , K » USDS . K ) 

ND- 

18 

R 

FP2 INR . KL (2 ) :SW ITCH (0 i C0ST3 . K+C0ST2 . K i DC3 . K+DC2 . K 1 

NO- 

19 

R 

FP3INR.KLU)  =NWSP.  ONCOST.  K 

ND- 

20 

R 

FP3INR.KL(3)=FYDP3.K(2)40SC 

ND- 

21 

NOTE 

NOTE 

FP-INR 

INPUT  RATES  TO  FIVE  TEAR  DEFENSE  PLAN 

NOTE 

CNRD 

COST  FOR  R&D  ON  NEH  WEAPON  STSTEH 

NOTE 

COST- 

COST  FOR  OPTION  t- 

NOTE 

DC- 

DECISION  CONTROL  r0R  OPTION  t 
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M 


MOTE  FTDP3  OBS  FUNDS  REQUESTED  !N  *«E  -*DP 


c 

FTDPC=1.E6 

ND- 

22 

c 

USDESU=t.U 

ND- 

I'N 

LO 

L 

PLAN.  KINO)  =PLAN.J(N0)+DT4(PLADJ.JKIH0n 

ND- 

24 

R 

PLAD.J . KL  (NO)  = ONNWS . K+TABHL  ‘ SCHT  t T ( NO  1 , 0 , 120 , 12)  «LTF . < (NO  l 

ND- 

25 

A 

LTF.K  INOMCLIPU  ,i*T(HO)  1 18) 

ND- 

28 

T 

SCHT=.03/.04/,08/.09/.ll/.ll/.  U/.ll/.ll/.U/.ll 

ND- 

27 

NOTE 

NOTE 

PLAN 

PLANNED  PFORCE  LEVEL 

NOTE 

PLADJ 

PLAN  ADJUSTMENT  RATE 

NOTE 

LTF 

LEAD  TINE  FACTOR 

NOTE 

T 

TINE  TABLE 

NOTE 

NOTE 

A 

NWSP.K=CL:P(SUNIDN0WS.K),SUN(DNNWS.K),D4.K,D3.K) 

ND- 

28 

A 

R3NWS.K=SUN(DNNWS.K) 

ND- 

29 

A 

VALT1  ,K=SUH(USD£F .K)/ iORDN»USCPWS.K) 

ND- 

30 

A 

VALT2 . K=HODF .K 

ND- 

31 

A 

VALT3.K=NCPWS.K 

ND- 

32 

A 

VALT4.K=100 

NO- 

33 

NOTE 

NOTE 

VALT- 

VALUE  OF  ALTERNATIVE  t- 

NOTE 

HODF 

NODIFICATION  FACTOR 

NOTE 

NOTE 

NCPWS 

NEW  CAPABILITY  PER  WEAPON  STSTEN 

A SCHF1 .K:CLIP(0, l iSCHEDl » USURC. K)  ND-  34 

C SCHED1 =Z4  ND-  35 

ft  SCHF2 . K=CL IP ( I r 1 i SCHED2 i USURC. K ) ND-  36 

C SCHED2=48  ND-  37 

A SCHF  3 . K =CL I P ( 0 1 1 1 SCHt  D3 1 USURC . K ) ND-  38 

C SCHED3=48  ND-  39 

A SCHF+ . K =CL IP ( » » 1 » SCHED* » USURC . K ) ND-  4$ 

C SCHED4=08  ND-  l| 

NOTE 

NOTE  SCHF-  SCHEDULE  DECISION  FACTOR  FOR  ALTERNATIVE  #- 
NOTE  THIS  VARIABLE  DETERMINES  IF  TINE  SS  TOO  SHORT 

NOTE  USURC  US  URCENCT 

NOTE 

A TFSL.K=(FTDP3.Km+FTDP3.KI2))/USC0ST.K  ND-  42 

A COSTF1 .K=CLIP ( 1 »#» TFSL.KrCOST 1 .K)  ND-  43 

A COSTF2.K=CLIP(l >0,TF$L.K,COST2.K)  ND-  44 

A C0STF3 . K=CL IP ( 1 » » » TFSL . K . C0ST3 . K ) NO-  45 

A C0STF4.K*CLIP(1 i0>TFSL.K»COST4.KI  ND-  46 

NOTE 

NOTE  COSTF-  COST  FACTOR  FOR  ALTERNATIVE  h 


NOTE  THIS  VARIABLE  DETERMINES  IF  COST  IS  WITHIN  TOTAL  FORCE  LIN! 
NOTE  IF  NOT,  PRESSURE  MUST  BE  PUT  ON  TO  RAISE  FORCE  LEVEL 
NOTE 

A DORR . K = (VALT1  ,K*WSQ.iO/  (USO.IUUSN.K)  ND-  47 
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A MEWORR . K=HIM ( 1 f DORR . K)  ND-  48 

A C0ST!.K*TABLE<CSTlT»NEW0RR.K.8lflW.ZI  NO-  49 

A D1 . K=SCHF1 . K*COSTF  1 . K ND-  58 

C ORDHs.l  HD-  51 

NOTE 

NOTE  DORR  DESIRED  OR  RATE 

NOTE  NEWORR  NEW  OR  RATE 

NOTE  COST 1 COST  OF  ALTERNATIVE  1 


NOTE  D1  DECISION  FOR  ALTERNATIVE  l 
NOTE 


C N0DK=5  ND-  52 
A NODC.K=TABLE(HODFT i*ODKi#i 1801 18)  NO-  53 
A N0DF.K--SWITCH'«.H0DC.K.D2.K)  ND-  54 
A NSTSN.K=NIN(  (USO.K+WSN.K)  iSUM ( DSPTHR . K/VftLT'Z . K ) ND-  55 
A COST2 .K=TABLE  < CST2T >NSTSH.K»0i lOii 18)  NO-  54 
T CSTZT*i/lM/ZM/3M/4»#/5M/4M/7M/8M/908/UM  ND-  57 
NOTE 


NOTE  NOOK  MODIFICATION  CONSTANT  INCREASE  IN  CAPABILITY 

NOTE  NGDC  MODIFICATION  COST 

NOTE  NODF  MODIFICATION  FACTOR 

NOTE  COST2  COST  OF  ALTERNATIVE  2 

NOTE  D2  DECISION  FOR  ALTERNATIVE  2 

NOTE 


A 

D2.K=SCHF2.K*C0STF2.K 

ND- 

58 

A 

DNOWS .KINO) =USDEF . K ( NO) /VALT3 . K 

ND- 

59 

A 

DNNNS.K(NO) =USDEF.K(NO) /VALT4.K 

ND- 

48 

A 

D3.K=SCHF3.K*C0STF3.K 

ND- 

41 

A 

D4.K=SCHF3.K*COSTF3.K 

ND- 

42 

NOTE 

NOTE  DNQWS  DESIRED  NUMBER  OF  OLD  WEAPONS  SYSTEMS 

NOTE  DNNWS  DESIRED  NUNBER  OF  NEW  WEAPON  SYSTEMS 

NOTE  D3  DECISION  POR  ALTERNATIVE  3 

NOTE  D4  DECISION  FOR  ALTERNATIVE  4 

NOTE 

A COSTS. K=SUH  < DNOWS . K) *USCOST . K*ACEM . K ND-  43 

A ACE».K*TABLE(MFTrTIHE.Ki».2»il§)  ND-  44 

A COST4.K=DNNWS.K*PCl.K  ND-  45 

NOTE 

NOTE  AGEN  ACE  MULTIPLIER 
NOTE  C0ST3  COST  OF  ALTERNATIVE  3 

NOTE  COST 4 COST  OF  ALTERNATIVE  4 

NOTE 
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NOTE  NEED  SECTOR 
NOTE 

FOR  INM.123 

N PLAN  I IN) =8  ND-  I 

NOTE 

A USCAP . K (NO) 1 l USO . K+WSN . K+WSP . K+SUHV (PLAN . X ( * ) 1 1 ? T ( MO ) ) ) * ND-  2 

X USCPW$.K*LEF.K(NOI 

A UADEF.K(NO) =ECAP.K(NQ) -USCAP.K(NOI -ACAP.K(NG)  ND-  3 

A USDIF,K(NO>=NAX(«f'JADEF.K(NOHUSDPCT.K)  ND-  1 

A USDEF.K(NO)=NAXI0(USDIF.KIMQ)»USDESW)  ND-  5 

A USDPC7.K=1-ADPCT.K  ND-  4 

A USDEF.KiNO)  =MAX  ( 8 * USDIF . K ( MO ) *USD£SI4 ) ND-  7 


NOTE 

NOTE  USCAP  !JS  CAPABILITT 

NOTE  I.IACEF  US/ALLIED  CONBINED  DEFICIENCY 

NOTE  USDIF  US  DIFFERENCE  IN  CAPABILITY 

NOTE  IJSDEF  US  DEFICIENCY 

NOTE  IJSDPCT  PERCENT  OF  DEFICIENCY  TO  US 

NOTE 


A USURC.K=URGENCY (USDEF.K)  ND-  8 

A USURCF.K=TABLE(EWGT  tUSURG.Ktdi 120i 18)  ND-  9 

NOTE 

NOTE  1JSL1RG  US  URGENCY-TINE  IN  MONTHS  TIL  FIRST  DEFICIENCY 

NOTE  USURC-F  US  URGENCY  FACTOR 

A RDSUPP . K ( 1 ) =SW I TCH ( 0 > RSUP 1 . K j RSUPAF . K ( 1 ) ) ND-  10 

A RDSUPP . K ( 2 ! rSW  1 TCH  ( 0 r RSUP2 . K i RSUPAF . K ( 2 1 ) ND-  11 

A INSUPP.K(l) =SWITCH<». ISUP1 . K » ISUPAF . K ( 1 ) ) ND-  12 

A INSUPP.K12) =SUlTCH(0fISUP2.Ki  ISUPAF.K12) ) ) ND-  13 

A OSSUPP . K { 1 ) =SWITCH<® » OSUPl . KrOSUPAF.K (1 ) ) ND-  14 

A OSSUPP. K(2)=S«ITCHt«r0SUP2.K»0SUPAF.KI2))  ND-  15 

NOTE 

NOTE  RDSUPP  RSD  SUPPLEMENTAL  REQUEST 

NOTE  INSUPP  INVESTMENT  SUPPLEMENTAL  REQUEST 

NOTE  OSSUPP  OSS  SUPPLEMENTAL  REQUEST 

NOTE  RSUP  AMOUNT  OF  SUPPLEMENT  FOR  RSD 


NOTE  ISUP  AMOUNT  OF  SUPPLEMENT  FOR  INVESTMENT 
NOTE  OSUP  AMOUNT  OF  SUPPLEMENT  FOR  OSS 
NOTE 


R 

FP1 INR.KLI 1) :SWITCH(0iCNRD.KiDC4,K) 

ND- 

14 

R 

FP1 INR,KL(2) =FYDPC*RDC 

ND- 

17 

R 

FP21NR.KLI1) :SUITCH(0 » COSTS. KtWSDS.K) 

ND- 

18 

R 

FP2INR. KL(2)=SUITCH(0. COSTS. K+C0ST2 . K r DC3 . K+DC2 . K ) 

ND- 

19 

R 

FPSINR.KL(l) =NUSP,K*NCOST.K 

ND- 

20 

R 

FP3 1 NR . XL ( 3 ) =FY  DP3 . K ( 2 ) *OSC 

ND- 

21 

NOTE 

NOTE 

FP-INR 

INPUT  RATES  TO  FIVE  YEAR  DEFENSE  PLAN 

NOTE 

CNRD 

COST  FOR  RSD  ON  HEW  WEAPON  SYSTEM 

NOTE 

COST- 

COST  FOR  OPTION  0- 

NOTE 

DC- 

DECISION  CONTROL  FOR  OPTION  0- 
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NOTE  FTDP3  O&S  FUNDS  REQUESTED  IN  THE  FTDP 


t » 

0 

FTDPC=l.Ei 

ND- 

22 

c 

USDESW=1 .3 

ND- 

Li 

L 

PLAN.K (MO) =PLAN. J( NO) +DT4( PLADJ.UK  1 MO) ) 

ND- 

24 

R 

PLADJ.KL(MO) = DMMUS . K*T ABHL < 3CHT » T ( HO ) !23tl2!*LTF.K(M0) 

ND- 

25 

A 

LTF.K(*0)*CLIPI1>».T(X0M8) 

ND- 

28 

T 

SCHT= . 33/ .34/ .38/ .39/ . 1 1 / . 11/ . 1 1/ . 11/ . 1 1/ . 1 1 / . 1 1 

ND- 

11 

NOTE 

NOTE 

PLAN 

PLANNED  PFORCE  LEVEL 

NOTE 

PLADJ 

PLAN  ADJUSTMENT  RATE 

NOTE 

LTF 

LEAD  TINE  FACTOR 

NOTE 

T 

TINE  TABLE 

NOTE 

NOTE 

A 

NUSP , K=CL IP (SUN  f DNOWS . K ) » SUM ( DNNNS , K ) > D4 . K 1 D3 . K 1 

ND- 

28 

A 

R8NUS . K = SUN ( DNNWS . K ) 

ND- 

29 

A 

VAL  T I . K =SUM  ( 1JSDEF . K ) / ( ORDN*USCPHS , K ) 

ND- 

33 

A 

VALT2 . K=NODF . K 

ND- 

31 

A 

VALT3.K=NCPWS.K 

ND- 

32 

A 

VALT4 . K= 1 3# 

ND- 

33 

NOTE 

NOTE 

VALT- 

VALUE  OF  ALTERNATIVE  i- 

NOTE 

NODF 

NOD IF  I CAT  ION  FACTOR 

NOTE 

NCPHS 

NEW  CAPABILITY  PER  WEAPON  SYSTEM 

NOTE 

ft  SCHF 1 , X =C11P ( M ? SCHED h USURC . K ) ND-  34 

C SCHED1 =2*  ND-  35 

A SCHF2 . K=CL  IP  ( # » 1 » SCHED'2 » USURC . K)  ND-  38 

C SCHED2=48  ND-  37 

A 5CHF3 . K =CL  I P ( 3 1 1 » SCHED3 » IJSURG . K ) ND-  38 

C SCHED3=48  ND-  39 

A SCHF4.K=CLIP<iM -SCHED4, USURC. K)  ND-  »3 

C SCHED4=38  ND-  41 

HOTE 

NOTE  SCHF-  SCHEDULE  DECISION  FACTOR  FOR  ALTERNATIVE  *■ 

NOTE  THIS  VARIABLE  DETERMINES  IF  TINE  SS  TOO  SHORT 

NOTE  USURC  US  URCENCT 

NOTE 

A TFSL .K= (FVDP3.K ( 1 ) +FYDP3. K (2) ) /USCOST.K  ND-  42 

A COSTFl.K=CLIP(lr0iTF$L.KiCOSTl.K)  ND-  43 

A C0STF2.K=CLIP< 1 >«»TFSL.K»C0ST2.K)  ND-  4* 

A C0STF3.K=CLIP ( t »8»TFSL.K»C0ST3.K)  ND-  45 

A C0STF4.K=CLIPI1-8.TFSL.K(C0ST4.K)  ND-  48 

NOTE 

NOTE  COSTF-  COST  FACTOR  FOR  ALTERNATIVE  *- 


NOTE  THIS  VARIABLE  DETERMINES  IF  COST  IS  WITHIN  TOTAL  FORCE  LIMI 
NOTE  IF  NOT t PRESSURE  MUST  BE  PUT  ON  TO  RAISE  FORCE  LEVEL 
NOTE 

A DORR . K* ( VAL  * 1 . K+WSO . K ) / 1 WSO . K+WSN , K ) ND-  47 
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X 


M. 


A 

NEWORR. X=MIN(t, DORR. X) 

ND- 

48 

A 

COSTl.K--TABLE(CSTlT,NEWORR.K,  80. 100,2) 

ND- 

49 

A 

Dl.X=SCHFl.X»CO$TFl.W 

ND- 

50 

C 

0RDN=.l 

ND- 

51 

•NOTE 

MOTE  DORR  DESIRED  OR  RATE 

NOTE  NEWORR  MEW  OR  RATE 

MOTE  COST1  COST  OF  ALTERNATIVE  1 

NOTE  D1  DECISION  FOR  ALTERNATIVE  1 

NOTE 


C M0DX=5  NO-  52 
A MODC.X=TABLE(NCDFT,MODM,100,10]  NO-  53 
A MODF , X=SW l TCH 1 0 > HGDC .K  > D2 . X)  NO-  5* 
A NSTSH.K=MIN< (WSO.K+WSN.KI rSUM (USPTHR. K/VALT2 . K)  NO-  55 
A CQST2.XsTABLE(CST2T,NSYSN.X,0,100t 10)  NO-  56 
T CST2T=0/100/200/300/400/500/600/700/800/900/l000  NO-  57 
NOTE 


NOTE  NOOK  MODIFICATION  CONSTANT  INCREASE  IN  CAPABILITY 

NOTE  NODC  MODIFICATION  COST 

NOTE  MODF  MODIFICATION  FACTOR 

NOTE  COSTS  COST  OF  ALTERNATIVE  2 

NOTE  32  DECISION  FOR  ALTERNATIVE  2 

NOTE 


A 

D2.K=SCHF2.K*COSTF2.K 

ND- 

58 

A 

DN0WS.KIM0)=iJSDEF.K(M0)/V4LT3.K 

ND- 

59 

A 

ONNWS.K(MO)--USDEF.Xi.MO) /VALIA.  X 

ND- 

6i 

A 

D3.X=SCHF3.X*CQSTF3.X 

ND- 

61 

A 

D4.X=SCHF3.X*C0STF3.X 

ND- 

61 

NOTE 

NOTE  DNOWS  DESIRED  NUMBER  OF  OLD  WEAPONS  STSTENS 

NOTE  DNNWS  DESIRED  NUMBER  OF  NEW  WEAPON  SYSTEMS 

NOTE  D3  DECISION  FOR  ALTERNATIVE  3 

NOTE  DA  DECISION  FOR  ALTERNATIVE  4 

NOTE 

A COSTS . X=$UH ( DNOWS . X ) *USCOST . X »AGEM . X ND-  63 

A ACEH. K*TABLE(ACFT, TIME. X>0, 20,10)  ND-  S4 

A COSTA. X=DNNWS.X*PC1.X  ND-  65 

NOTE 

NOTE  AGEM  ACE  MULTIPLIER 
NOTE  COSTS  COST  OF  ALTERNATIVE  3 

NOTE  COSTA  COST  OF  ALTERNATIVE  A 

NOTE 
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/ 


MOTE  FINANCIAL  SECTOR 

NOTE 

NOTE  «»*«*  BUDCET  SECTION  ♦»♦♦*+* 


NOTE 

FOR  13= 1 » 2 

N RDRBlIBh*  FN-  1 

N IDRBdBh*  FN-  2 

N ODRBdBh*  FN-  3 

N DDRBl 13) =$  FN-  1 

C FYDPC=l.E6  FN-  5 

NOTE 


L RDRB.KdBhRDRB.JdB>+DT*(RDHDR.JKd8)-RREDR.JKdBI)  FN-  4 
R RDHDR.KL (IB) =RDRQT .K( IB) +RDSUPp.K ( 13)  FN-  7 
R RREDR.KKI3hRDAR.JKdB)  FN-  8 
NOTE 


NOTE 

RDRB 

RiD  DOLLARS  REQUESTED  IN  THE  BUDGET 

NOTE 

RDHDR 

RiD  DEMAND  RATE 

NOTE 

RREDR 

KiD  DEMAND  REDUCTION  RATE 

NOTE 

RDRQT 

RiD  FUNDS  REQUIREMENT 

NOTE 

ROAR 

RiD  ALLOCATION  RATE 

NOTE 

RDSUPP 

RiD  SUPPLEMENTAL  REQUEST 

NOTE 

A PR0DKd8hGSPTRD.KdBhRDRB.Kd8) 

NOTE 

NOTE 

PROD 

PRESSURE  FOR  RiD  DOLLARS 

NOTE 

CSPTRD 

GOVERNMENT  SUPPORT  FOR  RiD 

NOTE 

RDRB 

RiD  DOLLARS  REQUESTED  IN  THE  BUDGET 

NOTE 

L 

IDRB.KdBhIDRB,  J(IBhDT*(IDMBR.JK(I8)-[REBR.JKd8l) 

R 

IDHDR . KL ( IB) 

= I RQT . K ( I B ) + 1 NSUPP . K ( I B ) 

R 

IREDR.KL (IB) 

= IDAR . JK  ( IB) 

NOTE 

NOTE 

IDRB 

INVESTMENT  DOLLARS  REQUESTED  IN  THE  BUDGET 

NOTE 

IDHDR 

INVESTMENT  DEMAND  RATE 

NOTE 

IRE  DR 

INVESTMENT  DEMAND  REDUCTION  RATE 

NOTE 

IRQT 

INVESTMENT  FUNDS  REQUIREMENT 

NOTE 

IDAR 

INVESTMENT  ALLOCATION  RATE 

NOTE 

INSUPP 

INVESTMENT  SUPPLEMENTAL  REQUEST 

NOTE 

A PID.Kd8hGSPTIN.Kd8hIDR8.KdB)  FN-  13 

NOTE 

NOTE  PID  PRESSURE  FOR  INVESTMENT  DOLLARS 

NOTE  GSPTIN  GOVERNMENT  SUPPORT  FOR  INVESTMENT 

NOTE  IDRB  INVESTMENT  DOLLARS  REQUESTED  IN  THE  BUDGET 

NOTE 

L ODRB . K ( I B ) =ODRB. J ( 18) +DT* (ODMDR . JK ( I B ) -OREDR . JK ( I B) ) FN-  1* 

R ODHDR.KLdShOR8T.Kd3hOSSUPP.KdB)  FN-  15 

R OREDR . KL (13 ) =OSDAR . JK  d B)  FN-  U 

NOTE 
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Pressure 


2 CA 


OH  DAK 


4-5 
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NOTE 

CDPB 

•jhi  DOLlARS  'EjJE'j’.j  !'  - 

NOTE 

QDHDR 

01$  DEMAND  RATE 

NOTE 

OREDR 

04$  DEMAND  REDUCTION  RATE 

NOTE 

ORQT 

04 S FUNDS  REQUIREMENT 

NOTE 

QSDAR 

04S  ALLOCATION  RATE 

NOTE 

OSSUPP 

1 04S  SUPPLEMENTAL  REQUEST 

NOTE 

A 

POSD.K( 13' : 

CSr TOS.K ( 13) *ODRo .K ( 13) 

NOTE 

NOTE 

POSD 

PRESSURE  FOR  Q4S  DOLLARS 

NOTE 

csprcs 

GOVERNMENT  SUPPORT  FOR  04$ 

NOTE 

ODRB 

04$  DOLLARS  REQUESTED  IN  THE  BUDGET 

NOTE 

L i 

DBRB.K!!3!= 

DDRB.  J ( IB)  +DT* (DONOR. JK < !31  -DREDR.UK. IB!) 

R 

DDMDR.XL(IB)  =RDRQT  .K  ( IBl+IRQT.XdB)  +ORQT.K  ( IB> 

R 

DREDK.KLIIB 

0 -RDAR . UK ( I 8 ) + IDAR . JK ( I B 1 +OSDAR . UX ( I B ) 

NOTE 

NOTE 

DDRB 

DEFENSE  DOLLARS  REQUESTED  IN  ’HE  BUDGET 

NOTE 

BDHDR 

DEFENSE  DEMAND  RATE 

NOTE 

DREBR 

DEFENSE  DEMAND  REDUCTION  RATE 

NOTE 

RDRQT 

R4D  FUNDS  REQUIREMENT 

NOTE 

[ROT 

INVESTMENT  FUNDS  REQUIREMENT 

NOTE 

ORQT 

04 S FUNDS  REQUIREMENT 

NOTE 

ROAR 

R4D  ALLOCATION  RATE 

NOTE 

1DAR 

INVESTMENT  ALLOCATION  RATE 

NOTE 

OSDAR 

04S  ALLOCATION  RATE 

NOTE 

a rdrqt.k:!3; 

=FTDP1.K(I8)«PULSE(1»1M2) 

NOTE 

NOTE 

RDRQT 

R4D  FUNDS  REQUIREMENT 

NOTE 

F»DP1 

R4D  EXPENDITURES  PLANNED  IN  THE  FfDP 

NOTE 

A 

[RQT.K(I3)= 

FTDP2.K(IB)*PULSE(lrlltl2) 

NOTE 

NOTE 

IRQT 

INVESTMENT  FUNDS  REQUIREMENT 

NOTE 

FTDP2 

INVESTMENT  EXPENDITURES  PLANNED  IN  THE  FTDP 

NOTE 

A ORQT.K(IB) = 

FTDP3.k;IB)nPUISEI1»11.12) 

NOTE 

NOTE 

ORQT 

04S  FUNDS  REQUIREMENT 

NOTE 

FT  DPS 

04$  EXPENDITURES  PLANNED  IN  THE  FTDP 

NOTE 

R 1 

WR.XLMB) 

=PRDD.X(IS)»PULSEll.  14.12) 

NOTE 

NOTE 

ROAR 

R4D  APPROPRIATION  RATE 

NOTE 

PROD 

PRESSURE  FOR  R4D  DOLLARS 

NOTE 

R 

IDAR.XL'IB) 

=PID.X(IB)*FULSE(l.l«fl2) 

NOTE 

I 


C\  t? 

FN-  1? 

FN  ii 


FN-  21 


FN-  22 


FN-  23 


FN-  2* 


FN-  lc 
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NOTE  I MR  INVESTMENT  APPROPRIATION  RATE 

NOTE  CIO  PRESSURE  FOR  INVESTMENT  DOLLARS 

NOTE 

R OSDAR . KL ( 1 3 ) =POSO . X 1 1 8 ) *? OISE ( 1 1 1 0 1 1 2 1 FN-  26 

NOTE 

NOTE  OSDAR  OiS  APPROPRIATION  RATE 

NOTE  POSD  PRESSURE  FOR  OfeS  DOLLARS 

NOTE 

N FTDP1 1 IB) :i  FN-  27 

N FTDP2< IB) =0  FN-  28 

N FTDPS(I3)--0  FN-  29 

NOTE 

NOTE  FTDP  FIVE  TEAR  DEFENSE  PLAN 

NOTE 

L FTDP1 .K(I3)=FTDP1.J(I8)+DT*(FP1INR,JKIIS)-FP10R,JK(IB))  FN-  3? 

R FP10R.KL( 13) =RDRQT.K( IB)  FN-  31 


NOTE 

NOTE  FTDP1  RiD  EXPENDITURES  PLANNED  IN  THE  PTDP 

NOTE  FP 1 1 NR  RiD  COSTS  INPUT  TO  THE  FTDP 

NOTE  FP1UR  RiD  COSTS  FUNDED  FROri  THE  FTDP 

NOTE  RDRQT  RiD  FUNDS  REQUIREMENT 

NOTE 

L FTDP2.XI  IB) :FTDP2. J( IB)+DT*iFP2INR. JKI IB! -FS2CR. JX(!3i ) FN-  32 

R FP20R.KL(IB)=IRQT.K(I3)  FN-  33 

NOTE 

NOTE  FTDP2  INVESTMENT  EXPENDITURES  PLANNED  IN  THE  FTDP 

NOTE  FP2INR  INVESTMENT  COSTS  INPUT  TO  THE  FTDP 

NOTE  FP20R  INVESTMENT  COSTS  FUNDED  FROM  THE  FTDP 

NOTE  IRQT  INVESTMENT  FUNDS  REQUIREMENT 

NOTE 

L FYDP3.K ( IB) =FTDP3. J ( IB) +DT* (FP3INR . JK ! IB) -FP30R. JKi IB) ) FN-  3‘ 

R FP30R . XL ! IB) =ORQT . X ( IB ) FN-  35 

NOTE 

NOTE  FTDP3  OiS  EXPENDITURES  PLANNED  IN  THE  FTDP 

NOTE  FP3INR  OiS  COSTS  INPUT  TO  THE  FTDP 

NOTE  FP30R  OiS  COSTS  FUNDED  FROM  THE  FTDP 

NOTE  ORQT  OiS  FUNDS  REQUIREMENT 

NOTE 

NOTE  FINANCIAL  ALLOCATION  AND  EXPENSES 
NOTE 

FOR  PROJ=li2 


L RDA.XIPROJ)=RDA,  J(PROJ)+DT»iRDAR,  JK(PROJ!-RDOR.uK(PROJ)  -*N-  36 

X +RRPR.JXIPROU) I 

N RDA(1)=RDAIC  FN-  37 

C RDA1C-0  FN-  38 

N RDAI2I-RDA2C  FN-  39 

N PDA2C=0  FN- 

NOTE  RDA  RESEARCH  DuLLARS  APPROPRIATED 

NOTE  ROAR  RESEARCH  DOLLAR  APPROPRIATION  RATE 
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R 

RDPR.KLX2) = 

DELAY3 (RDOR.«k  X2) ? RDPR2DI 

FN- 

44 

c 

RDPR2D=48 

FN- 

41 

NOTE 

RDPR 

RESEARCH  DOLLARS  PAYMENT  RATE 

NOTE 

RDOR 

RESEARCH  DOLlAR  OBLIGATION  RATE 

NOTE 

RDPR2D 

RESEARCH  DOLLAR  PAYMENT  RATE  DELAY 

NOTE 

NOTE 

NOTE 

INVESTMENT  C0ST3 

NOTE 

NOTE 

L 

IDft.KlPROJ) 

=IDA. J(PROJ) +DT* ( IDAR. JK (PROJ) - IDOR . JK (PROJ) 

FN- 

42 

X 

+IRPR. Jk (PROJ) ) 

N 

IDA ( 1) =IDAlC 

FN- 

43 

c 

IDA IC=3 

FN- 

44 

N 

IDA (2/ = IDA2C 

PN- 

45 

C 

IDA2C=3 

FN- 

44 

NOTE 

IDA 

INVESTMENT  DOLLARS  APPROPRIATED 

NOTE 

IDAR 

INVESTMENT  DOLLARS  APPROPRIATION  RATE 

NOTE 

I DOR 

INVESTMENT  DOLLARS  OBLIGATION  RATE 

NOTE 

I RPR 

investment  REPROGRAMMING  RATE 

R 

IRPR. KL  ( 1 ) = 

cpc4.:< 

PN- 

47 

R 

IRPR.KL (2) = 

-CPC4.K 

FN- 

48 

NOTE 

IRPR 

INVESTMENT  REPROGRAMMING  RATE 

NOTE 

CPC  4 

CHANGE  IN  PLANNED  COSTS 

ft 

IPF,K=SNITCH(ii 1»IDA.K(1)  1 

FN- 

49 

NOTE 

IFF 

INVESTMENT  PROGRAM  FUNDING 

NOTE 

IDA 

INVESTMENT  DOLLARS  APPROPRIATED 

NOTE 

R 

IDOR. KL ( 1 ) = 

TPIC . K* IDOSUI .K 

FN- 

70 

NOTE 

I DOR 

INVESTMENT  DOLLARS  OBLIGATION  RATE 

NOTE 

TPIC 

TOTAL  PLANNED  COSTS 

NOTE 

IDOSUI 

INVESTMENT  DOLL ARS  OBLIGATION  SWITCH 

ft 

TPIC.K=TPC4.  K»WSD4  .K*DSUI+.  X+CPC4-.K 

FN- 

71 

NOTE 

TPIC 

TOTAL  PLANNED  INVESTMENT  COSTS 

NOTE 

TPC4 

TOTAL  PLANNED  COSTS 

NOTE 

USD 

UEAPON  SYSTEM  DEVELOPMENT  DECISION 

NOTE 

DSWI 4 

DOLLAR  SWITCH  4 

NOTE 

CPC 

CHANGE  IN  PLANNED  COSTS 

A 

IDOSUI  .K(PROJ)  --SUITCHI9. 1 - IDA.  X (PROJ) ) 

FN- 

72 

NOTE 

IDOSUI 

INVESTMENT  DOLLARS  OBLIGATION  SUITCH 

NOTE 

IDA 

INVESTMENT  DOLLARS  APPROPRIATED 

R 

ID0R.KL(2)= 

IDA.K(2)*APRF,K*ID0SUI ,KI2I 

FN- 

73 

NOTE 

IDOR 

INVESTMENT  DOLLARS  OBLIGATED  FOR  OTHER 

NOTE 

IDA 

INVESTMENT  DOLLARS  APPROPRIATED  FOR  OTHER 

NOTE 

APRF 

APPROPRIATION  RATE  FRACTION 

NOTE 

IDOSUI 

INVESTMENT  DOLLARS  OBLIGATION  SUITCH 

L I DOC . K ( PRO J ) = I DOC . J (PRO J ) +DT* i I DOR . JK ( PRO J ) - i DPR . JK ( PROJ ) ) FN-  71 

N IDOC ( l ) = I DOC  1C  FN-  75 

C IDOCIC-0  FN-  74 
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mote  rdor  research  dollars  obligation  rate 

NOTE  RRPR  RESEARCH  REPROGRAMMING  RATE 

R RRPR,  KL  { 1 > =CPC  1 . K+CPC'Z . K+CPC3 . K FN-  41 

R RRPR . XL (2 ) =- ( CPC 1 . K+CPC2 . K+CPC3 . K ) FN-  42 

NOTE  RRPR  RESEARCH  REPROGRAMMING  RATE 

NOTE  CPC  CHANGE  IN  PLANNED  COSTS 

A RPF . K=SHITCH ( 1 .RDA.K(l) ) FN-  43 

NOTE  RPF  RESEARCH  PROGRAM  FUNDING 

NOTE  RDA  RESEARCH  DOLLAR  APPROPRIATED 

R RDOR . KL ( 1 ) =TPRC . X* RDOSW I . X ( 1 ) FN-  44 

NOTE  RDOR  RESEARCH  DOLLARS  OBLIGATION  RATE 

NOTE  TPRC  TOTAL  PLANNED  RESEARCH  COSTS 

NOTE  RDOSWI  RESEARCH  DOLLARS  OBLIGATION  SWITCH 
A TPRC . K=TPC01 . K+TPC02 . K+TPC03 . K FN-  45 

A TPCO l . K= ( TPC 1 . K*WSD1 . K»DSW 1 1 . K ) +CPC 1 . X FN-  46 

A TPCQ2 . KSTPC2 . K*WSD2 . K*DSWI2 . K+CPC2 . X FN-  47 

A TPC03 . K=TPC3 . K*WSD3 , K*DSW I 3 . K+CPC3 . X FN-  *8 


NOTE  TPRC  TOTAL  PLANNED  RESEARCH  COSTS 

NOTE  TPCO  TOTAL  PLANNED  COST  OBLIGATED 

NOTE  USD  WEAPON  SYSTEM  DEVELOPMENT  DECISION 

NOTE  DSWI  DOLLAR  SWITCH 

NOTE  CPC  CHANGE  IN  PLANNED  COSTS 


A RDOSW I . K (PRO J) =SW  ITCH  ( 0 . 1 . RDA . K ( PR0J1 ) FN-  4? 

NOTE  RDOSWI  RESEARCH  DOLLARS  OBLIGATION  SWITCH 

NOTE  RDA  RESEARCH  DOLLAR  APPROPRIATED 

R RD0R.KLI2)  - (RDA.K(2)-»APRF.K)*RD0SUI  ,K(2I  FN-  53 

NOTE  RDOR  RESEARCH  DOLLARS  OBLIGATION  RATE 

NOTE  RDOSW!  RESEARCH  DOLLARS  OBLIGATION  SWITCH 

A APRF.K=TABLEIAPRFT,FYTIME.K. 1,12.1!  FN-  51 

T APRFT=1.0/.5/.33/.25/.2/.167/.143/.l25/.lll/.l/.09/J83  FN-  52 

NOTE  APRF  APPROPRIATION  RATE  FRACTION 

NOTE  FTTIME  FISCAL  TEAR  TIME 

N RDOCdl-RDOCIC  FN-  53 

C RDOC1C=0  FN-  54 

N RDOC ( 2) =RD0C2C  FN-  55 

C RDOC2C=0  FN-  56 

NOTE  RDOC  RESEARCH  DOLLARS  ON  CONTRACT 

NOTE  RDOR  RESEARCH  DOLLARS  OBLIGATION  RATE 

NOTE  RDPR  RESEARCH  DOLLAR  PAYMENT  RATE 


R RDPR .KL(1 ) sRDPSMI .X ( 1 ) * ( DELAYS (CRR1 . JK ,RDPR0)+DELAT3 (CRR2.JKFM-  57 

X >RDPRD!+DELAY3(CRR3. JK.RDPRD) 1 

C RDPRD=3  FN-  58 

NOTE  RDPR  RESEARCH  DOLLARS  PAYMENT  RATE 

NOTE  RDPSWI  RESEARCH  DOLLARS  PAYMENT  SWITCH 

NOTE  CRR  COST  REPORTING  RATE 

NOTE  RDPRD  RESEARCH  DOLLARS  PAYMENT  RATE  DELAT 

A RDPSWI. K(PROJ) --SWITCH (#. I . RDOC. KIPROJI)  PN-  59 

NOTE  RDPSWI  RESEARCH  DOLLARS  PAYMENT  SWITCH 

NOTE  RDOC  RESEARCH  DOLLARS  ON  CONTRACT 
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A OSAO. K-MX (OSR . K-OSfl.K (1 ) ?§)  FN-  93 

NOTE  OSAO  OtS  AVAILABLE  DEFICIT 

NOTE  OSR  OtS  REQUESTED 

NOTE  OSA  OtS  AVAILABLE 

A OSDRAD. K=TABHL (0SDRAT » OSDI .K»3i  13d)  FN-  94 

T OSDRATM. 3/1. 3/. 9/. 66/. 42/. 2/. 3/. 31/3.3/0. S/M  FH-  95 

NOTE  OSDRAD  OtS  DOLLARS  REALLOCATION  DECISION 

NOTE  OSDI  OtS  DEFICIT  IMPORTANCE 

A OSDI ■K-0SAD,K/0SA.K(2)+!/MA!MPc  FN-  96 

NOTE  OSDI  OtS  DEFICIT  IMPORTANCE 

NOTE  OSAD  OtS  AVAILABLE  DEFICIT 

NOTE  OSA  OtS  AVAILABLE 

NOTE  MAIMPF  MISSION  AREA  IMPORTANCE  FACTOR 

R OSDOR . KL ( 2) =0SDA . K ( 2 ) * APRF . X*QSDSW I . X l 2 ) FN-  97 

NOTE  OSDOR  OtS  DOLLAR  OBLIGATION  RATE 

NOTE  OSDA  OtS  DOLLARS  APPROPRIATED 

NOTE  APRF  APPROPRIATION  FRACTION 

VOTE  OSDS VI  OtS  DCL.ARS  SWITCH 

L OSA. K (PROJ) =OSA.. J (PROJ) +DT* (OSDOR, JK(PRQJ) -OSER. JKiPROJi)  FN-  98 


N OSA ( i ) =0SA1C  FN-  99 

C 0$AlCz3  FN-  130 

N 0SA(2)=0SA2C  FN-  t31 

C 0SA'2C=3  rN-  132 

NOTE  OSA  OtS  AVAILABLE 

NOTE  OSDOR  OtS  DOLLARS  OBLIGATION  RATE 

NOTE  OSEA  OtS  EXPENSE  RATE 

R QSER.XLd)  =MIN(OSR.KtOSA.K(l)  MQSASWl  ,Kil)  FN-  133 

NOTE  OSER  OtS  EXPENSE  RATE 

NOTE  OSR  OtS  REQUESTED 

NOTE  OSA  OtS  AVAILABLE 

NOTE  OSASWI  OtS  AVAILABLE  SWI'CH 

R QSER,K(2)=DELAT3(OSDCR.KL(2i  tOSERDI  FN-  )U 

C OSERDM  FN-  135 

NOTE  OSER  OtS  EXPENSE  RATE 

NOTE  OSDOR  OtS  DOLLAR  OBLIGATION  RATE 

NOTE  OSERD  OtS  EXFENSE  REPORTING  DELAY 

A OSASWI. K(PROJ) =SHITCH (0» 1 fOSA.K (PROJ) ) FN-  136 

NOTE  OSASWI  OtS  AVAILABLE  SWITCH 

NOTE  OSA  OtS  AVAILABLE 

NOTE  APRF  APPROPRIATION  PRACTION 
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N IDOC (2) =ID0C2C 
C !D0C2C=8 


FN- 

FV- 


75 


VOTE 

IDOC 

INVESTMENT  DOLLARS  ON  CONTRACT 

VOTE 

IDOR 

INVESTMENT  DOLLARS  OBLIGATION  RATE 

VOTE 

[DPR 

INVESTMENT  DOLLARS  PAYMENT  RATE 

R 

IDPR.KL ( 1 ) = 

IDPSWI. K ( 1 ) *DELAT3 1 CRR4 . JK . IDPRD) 

FN- 

79 

C 

IDPRD=3 

FN- 

80 

NOTE 

I DPR 

INVESTMENT  DOLLAR  PAYMENT  RATE  FOR  PROJECT 

NOTE 

IDPSUI 

INVESTMENT  DOLLARS  PAYMENT  SWITCH 

NOTE 

CRR4 

COST  REPORTING  RATE  4 

VOTE 

IDPRD 

INVESTMENT  DOLLARS  PAYMENT  RATE  DELAY 

A 

IDPSWI. K (PROJ) -SWITCH i0i 1 , IDOC .K ( PROJ) ) 

FN- 

SI 

VOTE 

IDPSWI 

INVESTMENT  DOLLAR  PAYMENT  SWITCH 

VOTE 

IDOC 

INVESTMENT  DOLLARS  ON  CONTRACT 

S 

I DPR . KL ( 2 ) = 

CEL  AY3  ( I DOR . JK  ( 2M  DPR2D ) 

FN- 

82 

c 

IDPR2D=Z4 

FN- 

83 

NOTE 

IDPR 

INVESTMENT  DOLLAR  PAYMENT  RATE  FOR  OTHER 

NOTE 

IDOR 

INVESTMENT  DOLLARS  OBLIGATION  RATE 

NOTE 

IDPR'20 

INVESTMENT  DOLLAR  PAYMENT  RATE  DELAY 

VOTE 

NOTE 

VOTE 

OPERAT 

ING  AND  SUPPORT  COSTS 

VOTE 

l ! 

3SDA,K(PROJ)-OSDA . , ( PROJ) =DT* (CEDAR . JK IPROJ1 -OSDOR . . K (PROJ! 

FN- 

3i 

♦OSRAR. JK (PROJ) 
QSDA-OSDAC 


FV- 


C 

OSDAC:0 

FN- 

88 

NOTE 

OSDA 

04$  DOLLARS  APPROPRIATED 

NOTE 

OSDAR 

04$  DOLLARS  APPROPRIATION  RATE 

NOTE 

OSDOR 

OSS  DOLLARS  OBLIGATION  RATE 

NOTE 

OSRAR 

04S  REALLOCATION  RATE 

R 

OSRAR.XL(l) = 

03AD.K*0SDRAD.X 

FN- 

87 

R 

OSRAR.KL (2) = 

>(OSAD.K*OSDRAO.K) 

FN- 

38 

NOTE 

OSRAR 

OSS  REALLOCATION  RATE 

NOTE 

OSAD 

OSS  AVAILABLE  DEFICIT 

NOTE 

OSDRAO 

OSS  DOLLARS  REALLOCATION  DECISION 

R 

OSDOR. KL(1)= 

OSDA . K ( 1 ) *APRF . X* APRF A . K*OSDSW I . K 1 1 ) 

FN- 

89 

NOTE 

OSDOR 

043  DOLLARS  OBLIGATED  RATE 

NOTE 

OSDA 

04S  DOLLARS  APPROPRIATED 

NOTE 

APRF 

APPROPRIATION  TRACTION 

VOTE 

APRFA 

APPROPRIATION  FRACTION  ADJUSTOR 

VOTE 

OSDSWI 

OSS  DOLLARS  SWITCH 

A 

APRFA. K=TABHL(APRFAT.(OSA.K(l)/OSDA.K(l)+i/HAIMPFI,  0,5.1! 

FN- 

90 

T 

APRAM.3/1. 

3/1.22/1.1/1.03/1.0 

FN- 

91 

NOTE 

APRFA 

APPROPRIATION  FRACTION  ADJUSTOR 

NOTE 

OSA 

OSS  AVAILABLE 

A 

DSDSW I . K ( PRO  J ) =SWI  TCH  ( <M  t OSDA . K ( PROJ ) ) 

FN- 

92 

NOTE 

OSDWSI 

OSS  OOLLAR  SWITCH 

NOTE 

OSDA 

OSS  DOLLARS  APPROPRIATED 
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note  weapon  ststeh  development  sector 

NOTE 

NOTE 

NOTE  ACTUAL  PROGRESS  SECTION 

NOTE 

NOTE 


L API . K=AP 1 . J + DTiiAPRl.JK-APTRl.JK)  RD-  1 

N API =AP1C  RD-  2 

C AP1C=3  RD-  3 

NOTE  API  ACTUAL  PROGRESS 

NOTE  APR1  ACTUAL  PROGRESS  RATE  (PROCRESS/TINE! 

NOTE  APTR1  ACTUAL  PROGRESS  TRANSFER  PATE  IPROGRESS/TM) 

R APR1.KL=TE1.‘iOPGH1.K*CAPRS1.K  RD-  4 

N APR1=?  RD-  5 

N TE 1 = , 5 RD-  6 

A TE1.KM/TCF.K*ME1  RD-  7 

C HE1 = 1 RD-  3 

NOTE  APR1  ACTUAL  PROGRESS  RATE 
NOTE  TE1.K  TECHNICAL  EFFECTIVENESS 
NOTE  PGM  1 PROGRAM 


NOTE  CAPRS1  CHANGE  IN  ACTUAL  PROGRESS  RATE  (SMOOTHED)  (PRACTIO 
NOTE  ME i MANAGEMENT  EFFECTIVENESS 

A PCHl.lMABHUPCMITiSCHEDI  ,KiB*b  .383!*NSDI.K*DCP1.K*12/  RD-  9 
X (TTMS1  .K+TSMSi.K) 


T PGHlT=g/3/4/7.5/9/9.47/I0.33/ll/ll/ll/U/11/« 

NOTE- 

PGM1 

PROGRAM 

NOTE 

SCHED 

SCHEDULE 

NOTE 

TSMS0 

TIME  SINCE  MILESTONE  <4 

NOTE 

TTMS1 

TIME  TIL  MILESTONE  1 

NOTE 

WSD 1 

WEAPONS  SYSTEM  DEVELOPMENT  PHASE  I 

NOTE 

DCP1 

DECISION  COORD  PAPER  1 

A SCHED1 . K=TSMS0 . K/ (TSMS^.Y+TTMSl ,K)  RD-  11 
A CAPRS1 . K=SMOOTH (CAPR 1 . K i CAPRD ) RD-  12 
C CAPRD4  RD-  13 
A CAPRI,  K--FLrl.R*DCAPRt.K  RD-  14 


NOTE  CAPRS1  CHANCE  IN  ACTUAL  PROGRESS  RATE  l SMOOTHED) 

NOTE  CAPRI  CHANCE  IN  ACTUAL  PROGRESS  RATE 

NOTE  CAPRD  CHANGE  IN  ACTUAL  RATE  DELAY 

NOTE  FLF1  FUNDS  LIMIT  FACTOR 

NOTE  DCAPR1  DESIRED  CHANGE  IN  ACTUAL  PROGRESS  RATE 

A DCAPR1 .K=AP91 . JK-DPR1 .K  RD-  15 

NOTE  DCAPR1  DESIRED  CHANGE  IN  ACTUAL  PROCRESS  RATE 

NOTE  APR1  ACTUAL  PROGRESS  RATE 

NOTE  DPR1  DESIRED  PROGRESS  RATE 

NOTE 

A PAPl ,K=SHOQTH(APi  .KiAPB)  RD-  14 

C APD=1  RD-  17 

NOTE  PAP1  PERCEIVED  ACTUAL  PROGRESS 

NOTE  API  ACTUAL  PROGRESS 
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NOTE  APD 

ACTUAL  PROGRESS  DELAY 

A RAP1.K=TPG- 

•PAPl . K 

RD- 

18 

C TPG=I00 

RD- 

19 

NOTE  RAP! 

RENAMING  ACTUAL  PROGRESS 

NOTE  TPG 

TOTAL  PROGRESS  GOAL 

NOTE  PAPl 

PERCEIVED  ACTUAL  PROGRESS 

FOR  1=1,10 

A PRR1 . K ( I ) -RAP1 . K/RTTHS1 . K ( I ) RD-  20 

NOTE  PRR 1 PROGRESS  RATE  REQUIRED 

NOTE  RAP1  RENAMING  ACTUAL  PROGRESS 

NOTE  RTTNS1  REVISED  TINE  TIL  NILESTONE  1 

A RTTMS I .K ! I ) sTTNSl . K+TL1 . K ( I ) RD-  21 

T TL1 ( I ) =1/2/3/4/5/6/7/8/9/10  RD-  22 

NOTE  RTTNS1  REVISED  TINE  TIL  NILESTONE  1 

NOTE  TTNS1  TINE  TIL  NILESTONE  1 

NOTE  TL1  TINE  LATE 

A CF1.K(I)=TABHLICFT,PRR1.K(I) ,.4>1.4,.l)  RD-  23 

T CFT=1 . 15/1.04/1 .32,1.01 ,1.0/1.1/1.25/1 .38/1 .42/2.0/3,3  RD-  U 

NOTE  CF1  COST  FACTOR 

NOTE  PRR1  PROGRESS  RATE  REQUIRED 

A CPl.K(I)=CFl.Km*RTTNSl.K(I>  RD-  25 

NOTE  CPI  COST  PENALTY 

NOTE  CF1  COST  FACTOR 

NOTE  RTTNS1  REVISED  TINE  TIL  NILESTONE  1 

A SFl.Km=TABHU$FT>TLl.KU), 1,10*1)  RD-  24 

T SF7=1. 0/1. 01, 1.1/1. 25/1. 1/1.58/1. 75/1. 87/1. 95/2. 0/2.0  RD-  27 


NOTE  SF1  SCHEDULE  FACTOR 

NOTE  TL1  TINE  LATE 

A SP1 . K ( I ) =SF l.K(I)+TLl.K(I) 

NOTE  SP1  SCHEDULE  PENALTY 

NOTE  SF1  SCHEDULE  FACTOR 

NOTE  TL1  TINE  LATE 

A TC1.K(I)  = <CWF»CP1 . K ( I > ) + (SWF*SP1 . K ( I ) 3 
C CUF  = . 5 

C SWF= . 5 


NOTE 

TCI 

TOTAL  COST 

NOTE 

CNF 

COST  WEIGHT  FACTOR 

NOTE 

CPI 

COST  PENALTY 

NOTE 

SWF 

SCHEDULE  WEIGHT  FACTOR 

NOTE 

SP1 

SCHEDULE  PENALTY 

FNCTN  DPRK4* 2. 001111) 

NOTE 

A DATA. K=DPR1 iDTLl .K.DCF.K, TCI. K • PRR 1 . KrCFl. XiTLl .K) 

NOTE  PLANNED  PROGRESS 

NOTE 

L PP1.K=PP1.  J+DT-MPPGH1 . JK-PPTX1  ..JK) 

N PP1=PP1C 
C PP1C=0 

NOTE  PP1  PLANNED  PROGRESS 


RD-  28 


RD-  29 
RD-  30 
RD-  31 


RD-  32 
RD-  33 


RD-  3* 

RD-  35 
RD-  34 
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NOTE  PPGN1  PLANNED  PROGRAM  RATE 

NOTE  ?PTn  PLANNED  PROGRESS  TRANSFER  RATE 

R PPGM1  .KL=TADLE  (PCM1T  > PSCHD1  .K » iJt  1 1 • 883)  *WSD1 , K*DCPl  • K*  SD-  37 


X 12/TICP.K 

A PSCHD1 .K=TSMSO.K/TICP.K  RD-  38 


NOTE 

PPGM1 

PLANNED  PROGRAM  RATE 

NOTE 

USD 

UEAPON  SYSTEM  DEVELOPMENT  DECISION 

NOTE 

DCP 

DECISION  COORD  POINT 

NOTE 

TICP 

TINE  IN  CONCEPTUAL  PHASE 

NOTE 

PSCHD1 

PLANNED  SCHEDULE 

NOTE 

TSMS 

TINE  SINCE  MILESTONE 

NOTE 

NOTE 

NOTE 

PRESSURE  FOR  SCHEDULE  EXTENSION 

NOTE 

A PSEi 

,KsTABHL(?SElTiELFl.K.8tli,2) 

RD- 

39 

T PSET=0.3/.l 

5/. 35/. 58/. 88/1.0 

RD- 

10 

NOTE 

PSEi 

PRESSURE  FOR  SCHEDULE  EXTENSION 

NOTE 

ELF! 

ESTIMATED  LATE  FACTOR 

A ELF! 

.K=DTLi 

.X/TTNS1.X 

RD- 

41 

NOTE 

ELF 

ESTIMATED  LATE  FACTOR 

NOTE 

DTLi 

CESIRED  TIME  LATE 

NOTE 

TTM£  1 

TIME  TIL  MILESTONE  i 

A SEA  i . If » ( PSE 1 . X*CRP  A 1 . K/  USURGF . K RD-  ‘2 


NOTE 

SEAL 

S^rtEOUL-:  EXTENSION  ADJUSTOR 

NOTE 

CRPA1 

COST  RATIO,  PLANNED  TO  ACTUAL 

A CRPA 

1 . X=PC1 

.K/CR1.K 

RD- 

43 

NOTE 

crpa: 

COST  RATIO.  PLANNtD  TO  ACTUAL 

NOTE 

PCI 

PLANNED  COST 

NOTE 

CRl 

COST  REPORTED 

A SCD1 

■K=CLIP(SEAl.Ki0»3£At .K, ,51 

RD- 

44 

NOTE 

SCD1 

SCHEDULE  EXTENSION  DECISION 

NOTE 

SEAl 

SCHEDULE  EXTENSION  ADJUSTOR 

A 3COM 1 . K=CL IP ( 1 1 SCB 1 . X r SCD i ■ K i i ) 

RD- 

45 

NOTE 

SC  DM1 

SCHEDULE  MULTIPLIER 

A CHS1 

.K-SCDM 

.KtDTLi.X 

RD- 

48 

NOTE 

CMS1 

CHANGE  IN  MILESTONE  1 

NOTE 

SCD1 

SCHEDULE  EXTENSION  DECISION 

NOTE 

DTLI 

DESIRED  TIME  LATE 

NOTE 

NOTE 

COST  R 

EPORTING 

NOTE 

L CM. 

K=CR1.J+DT*(CRR1, JK-CRTRl.JKI 

RD- 

47 

N CR1= 

CR1C 

RD- 

48 

c • . : 

RD- 

49 

NOTE 

CRl 

COST  REPORTED 

NO'; 

CRR1 

COST  REPORTING  RATE 

MOTE 

CTRl 

COST  REPORTING  TRANSFER  RATE 

R :RRl,;a=CEl*DCFSi.K»PG«l.K/PTCR  RD-  50 
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j. 


RD-  51 


C CEl-t 


NOTE 

CRRl 

COST  REPORTED  RATE 

NOTE 

CE1 

COST  ESTIMATING  ERROR 

NOTE 

DCFS  1 

DESIRED  COST  FACTOR  I SMOOTHED) 

A 

DCFS1 

,.K=SH007H(DCFl.KiOCFDI 

RQ- 

C 

DCFD: 

=1 

RD- 

NOTE 

DCFS1 

DESIRED  COST  FACTOR  (SMOOTHED) 

NOTE 

DCF1 

DESIRED  COST  FACT  R 

NOTE 

NOTE 

DCFD 

DESIRED  COST  FACTOR  DELAY 

NOTE 

NOTE 

PLANNED  COSTS 

L PCI .K=PC1 . J+DT* (PCR1 . JK-PCTR1 . JK) 

RD-  54 

N PC1  = 

PC  1C 

RD-  55 

C PC1C=0 

RD-  54 

NOTE 

PCI 

PLANNED  COSTS 

NOTE 

PCR1 

PLANNED  COST  RATE 

NOTE 

PCTR1 

PLANNED  COST  TRANSFER  RATE 

R PCR1 .KL:PPCM1 .JK/PTCR+CPCl  ,X 

RD-  57 

C PTCR 

•m 

RD-  58 

NOTE 

PCRl 

PLANNED  COST  RATE 

NOTE 

PPGH1 

PROGRAM 

NOTE 

PTCR 

PROGRESS  TO  COST  RATIO 

A TPC1.K=TPC/PTCR+CPC1.K 

RD-  59 

NOTE 

TP.i 

TOTAL  PLANNED  COST 

NOTE 

TPG1 

TOTAL  PROGRESS  GOAL 

NOTE 

PTCR 

PROGRESS  TO  COST  RATIO 

NOTE 

CPC1 

CHANCE  IN  PLANNED  COST 

NOTE 

NOTE 

PRODUCT  VALUE 

NOTE 

L PV1 . K=PV1 . J+DT+ <PVR 1 . JK-PVTR1 . JK) 

RD-  4 i 

■o 

<L 

• i 

-x> 

c 

o 

RD-  41 

C PV1C 

-t 

RD-  42 

NOTE 

PV1 

PRODUCT  VALUE 

NOTE 

PVR1 

PRODUCT  VALUE  RATE 

NOTE 

®VTR1 

PRODUCT  VALUE  TRANSFER  RATE 

R PVR1.KL=PPVS1.X*PVA1.K 

RD-  43 

NOTE 

PVR1 

PRODUCT  VALUE  RATE 

NOTE 

PPVS1 

PLANNED  PRODUCT  VALUE  (SMOOTHED) 

NOTE 

PVA1 

PRODUCT  VALUE  ADUUSTOR 

A PPVS1.K=SM00TH(PP1.K»PPD) 

RD-  44 

C PPD= 

1 

RD-  45 

NOTE 

PPVS1 

PLANNED  PRODUCT  VALUE  (SMOOTHED) 

NOTE 

PP1 

PLANNED  PROGRESS 

NOTE 

PPD 

PLANNED  PROGRESS  DELAY 

A PVA  t . K=PRAP1 . K*CRPA 1 . K 

RD-  44 

NOTE 

PVA1 

PRODUCT  VALUE  ADJUSTOR 

NOTE 

PRAP1 

PROGRESS  RATIOi  ACTUAL  TO  PLANNED 
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NOTE  CRPAl  COST  RATIO-  PLANNED  '0  ACTUAL 
A PRAR1.K=PAP1.K/PP1.K 

NOTE  PRAP1  PROGRESS  RATIO-  ACTUAL  TO  PLANNED 

NOTE  PAP!  PERCEIVED  ACTUAL  PROGRESS 

NOTE  PP1  PLANNED  PROGRESS 

A CRPAl . K=PC1 . K/CR1 . K 

NOTE  CRPAl  COST  RATIO-  PLANNED  TO  ACTUAL 
NOTE  PCI  PLANNED  COST 

NOTE  CR1  COST  REPORTED 

NOTE 

NOTE  PUNDS  LIMIT  AND  PRESSURE  POR  ADDITIONAL  PJNDS 
NOTE 

A FLF 1 . K=TABHL ( FLFT , 3* TUC1 . K . 0 , 1 0 - 1) 

T FLFT=#/0/ . 1 1 / .22/  .33/ . 45/ . 55/  .66/ . 77/ . 08/ 1 . 0 

NOTE  FLF1  FUNDS  LIMIT  FACTOR 

NOTE  TWCI  TINE  WEIGHTED  COST 

A TUC1 . K= TTHS 1 . K*CRPA 1 . K 

NOTE  TWCI  TINE  WEIGHTED  COST 

NOTE  TTMS1  TINE  TIL  NILESTONE  1 

NOTE  CRPAl  COST  RATIO.  PLANNED  TO  ACTUAL 

A PIFl.K=TABHL(PIFT-FLFl.K-0-1.4i  ,2) 


T PIFT 

= 1 / .72/ 

.57/. 15/. 38/. 32/. 28/. 26/. 25 

NOTE 

PIF1 

PRESSURE  FOR  INCREASED  FUNDS 

NOTE 

FLF1 

FUNDS  LIMIT  FACTOR 

A ITAF1 .K=FAt .K»PIFt .K»PRAP1 . K+USURGF . K*MA I HPF  > 

NOTE 

ITAF1 

INCLINATION  TO  APPROVE  FUNDS 

NOTE 

FA1 

FUNDS  AVAILI ABILITY 

NOTE 

PIF1 

PRESSURE  FOR  INCREASED  FUNDS 

NOTE 

PRAP1 

PROGRESS  RATIO.  ACTUAL  TO  PLANNED 

NOTE  AAIHPF  HISS  ION  AREA  IMPORTANCE  FACTOR 
A FID1.K!TABHLIFIDT»ITAFI.K-. 8-2.0- .2) 

T FIDT=®/ .375/ .i'Z/ .75/ .86/ 

NOTE  FI01  PUNDS  INCREASE  DECISION 

NOTE  [TAF1  INCLINATION  TO  APPROVE  FUNDS 

A CPC1.K=FID1.K*ECC1.K 

NOTE  CPC1  CHANGE  IN  PLANNED  COST 

NOTE  FID1  FUNDS  INCREASE  DECISION 

NOTE  ECC1  ESTIMATED  CHANGE  IN  COST 

A ECC1.K=CLIP(ICR1.K,0,ICR1.K-0)*(T$HSO.K+TTH$1.K)/PTCR 

A ICR1.K-1-1/CRPA1.K 


NOTE 

ECC1 

ESTIMATED  CHANCE  IN  COST 

NOTE 

CRPAl 

COST  RATIO.  PLANNED  TO  ACTUAL 

NOTE 

TSMS0 

TIME  SINCE  MILESTONE  0 

NOTE 

TTMS1 

TIME  TIL  MILESTONE  1 

NOTE 

PTCR 

PROGRESS  TO  COST  RATIO 

NOTE 

ICR 

INCREASE  IN  COST  RATE 

A FA1.K=TABHL(FAT-FAF1.K-0..4..05) 

T FAW/.55/.375/.25/.1/.K/.K/.M1M 
NOTE  FA1  FUNDS  AVAILABILITY 


RD-  47 

RD-  48 

RD-  49 
RD-  70 

RD-  71 

RD-  72 
RD-  73 

RD-  71 

RD-  75 
RD-  74 

RD-  77 

RD-  78 
PD-  7 9 


RD-  30 

RD-  81 
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r 


NOTE  FAF1  FUNDS  AVAILABILITY  FACTOR 

A FftFl.K=ECCl.K/RDA.K(2) 

NOTE  FAF  FUNDS  AVAILABILITY  FACTOR 

NOTE  ECC1  ESTIMATED  CHANGE  IN  COST 

NOTE  RDA(2)  RESEARCH  DOLLARS  APPROPRIATED 

NOTE  WEAPON  SYSTEM  DELEPOPMENT-VALIDATION 
NOTE 

NOTE  ACTUAL  PROGRESS  SECTION 

NOTE 

L AP2.K=AP2.J  + DT»( APR2.UK-APTR2.JK ) 

N AP2=AP2C 
C AP2C-0 

NOTE  AP2  ACTUAL  PROGRESS 

NOTE  APR2  ACTUAL  PROGRESS  RATE  (PROGRESS/TIME) 

NOTE  APTR2  ACTUAL  PROGRESS  TRANSFER  RATE  (PROCRESS/TIME) 

R APR2 . KL=T£2 . K»PCM2 . K+CAPRS2 . K 

A TEZ.K=I/TCF.K*ME2»PAST1.K/PSTPP1.K 
C ME2-1 

NOTE  APR2  ACTUAL  PROGRESS  RATE 

NOTE  TE2.K  TECHNICAL  EFFECTIVENESS 
NOTE  PGH2  PROGRAM 

NOTE  CAPRS2  CHANGE  IN  ACTUAL  PROGRESS  RATE ( SMOOTHED > 

NOTE  ME 2 MANAGEMENT  EFFECTIVENESS 

A PGM2.K=TABLE(PGMlTtSCHED2.Kf0i It .I833)*WSD2.K*DCP2.K*12/ 

X (TTMS2.K+TSMS1.K) 


NOTE- 

POM2 

PROGRAM 

NOTE 

TTMS2 

TIME  TIL  MILESTONE  2 

NOTE 

WSB2 

WEAPONS  SYSTEM  DEVELOPMENT  PHASE  2 

NOTE 

DCP2 

DECISION  COORD  PAPER  2 

A SCHED2 .K=T3MS! . K / (TSMS1 . K+TTMS2.K) 
A CAPRS2 . K=$NOOTH (CAPR2 . K f CAPRD) 

A CAPR2 . K=FLF2 . K*DCAPR2 . K 


NOTE 

CAPRS2 

CHANGE  IN  ACTUAL  PROGRESS  RATE  (SMOOTHED) 

NOTE 

CAPR2 

CHANGE  IN  ACTUAL  PROGRES  RATE 

NOTE 

CAPRD2 

CHANCE  IN  ACTUAL  RATE  DELAY 

NOTE 

FLF2 

FUNDS  LIMIT  FACTOR 

NOTE 

DCAPR2 

DESIRED  CHANCE  IN  ACTUAL  PROGRESS  RATE 

A DCAPR2 . K = *PR2 . UK- DPR2 . K 

NOTE 

DCAPR2 

DESIRED  CHANGE  IN  ACTUAL  PROGRESS  RATE 

NOTE 

APR2 

ACTUAL  PROGRESS  RATE 

NOTE 

DPR2 

DESIRED  PROGRESS  RATE 

NOTE 

A PAP2 

. K=SMOOTH ( AP2 . K t APD ) 

NOTE 

PAP2 

PERCEIVED  ACTUAL  PROGRESS 

NOTE 

AP2 

ACTUAL  PROGRESS 

NOTE 

APD 

ACTUAL  PROGRESS  DELAY 

A RAP2.K=TPC-PAP2.K 

NOTE 

RAP' 

REMAINING  ACTUAL  PROCRESS 

NOTE 

TPG  • 

TOTAL  PROGRESS  GOAL 

NOTE 

PAP2 

PERCEIVED  ACTUAL  PROGRESS 

RD-  82 


RD-  83 
RD-  8* 
RD-  85 


RD-  88 
RD-  37 
RD-  88 


RD-  39 


RD-  90 
RD-  91 
RD-  92 


RD-  93 


RD-  94 


RD-  95 
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RD-  »6 


A PRR'2 . K ( I > =RAP2 . K/RT7MS2 . K ( I ) 

NOTE  PRR'2  PROGRESS  RATE  REQUIRED 

NOTE  RAP2  REGAINING  ACTUAL  PROGRESS 

NOTE  RTTHS2  REVISED  TINE  TIL  MILEStOnE  2 
A RTTMS 1 , X ( I ) *TTHS2 , K+T ( I ) 


NOTE 

RTTNS2 

REVISED  TINE  TIL  MILESTONE 

NOTE 

TTNS2 

TINE  TIL  MILESTONE  2 

NOTE 

T 

TIME 

A CF2.K(I)=TABHL!CFT2iPRR2.K(I) 1 .4i2i.2) 

NOTE 

CF2 

COST  FACTOR 

NOTE 

PRR2 

PROGRESS  RATE  REQUIRED 

A CP2 

.X(!)=CF2 

•K(I)*RTTMS2.K(I) 

NOTE 

CP2 

COST  PENAL TT 

NOTE 

CF2 

COST  FACTOR 

NOTE 

RTTMS'2 

REVISED  TIME  TIL  MILESTONE 

A SF2.K(I)sTA8fiL(SFTiTII)ilrl0il 

NOTE 

SF2 

SCHEDULE  FACTOR 

NOTE 

T 

TIME 

A SP2 

,K(I)=SF2.K(IHT(I) 

NOTE 

SP2 

SCHEDULE  PENALTY 

NOTE 

SF2 

SCHEDULE  FACTOR 

NOTE 

T 

TIME 

A TC2.K ( I ) = ( CUF4CP2 . K 1 1 ) ) + f SWF+SP2. XII) I 

C SWF 

= .5 

NOTE 

TC'2 

TOTAL  COST 

NOTE 

CNF 

COST  WEIGHT  FACTOR 

NOTE 

CP2 

COST  penalty 

NOTE 

SWF 

SCHEDULE  WEIGHT  FACTOR 

NOTE 

SP'2 

SCHEDULE  PENALTY 

A DATA2.K=DPR2(DTL2.K»DCF2.KiTC2.KrPRR2.KiCF2.KiTLl.K) 

NOTE  BANNED  PROGRESS 

NOTE 

L PP2 . K=PP2. J+DT * {PPGM2. JK-PPTX2 . JK) 

N PP2=PP2C 
C PP2C -i 

NOTE  PP2  PLANNED  PROGRESS 

NOTE  PPR2  PLANNED  PROGRESS  RATE 

NOTE  PPTX2  PLANNED  PROGRESS  TRANSFlR  RATE 

R PPGM2 . XL =TABLE I PGN 1 T r PSCHD2 . K i 4 i 1 t . 483 ) ♦NSD2 . K*DCP2 . K 

X *12/TIVP.K 

A PSCHD2.K5TSMS1 .K/TIVP.K 

NOTE 

NOTE  PRESSURE  FOR  SCHEDULE  EXTENSION 

NOTE 

A PSE2.K:TABHL(PSET»ELF2.Ki4t1i .2) 

NOTE  PSE2  PRESSURE  FOR  SCHEDULE  EXTENSION 

NOTE  ELF2  ESTIMATED  LATE  FACTOR 

A ELF2,K=DTL2.K/TTMS2.X 
NOTE  ELF  ESTIMATED  LATE  FACTOR 


RD-  97 

RD-  98 

RD-  99 

RD-  144 

RD-  141 

RD-  142 
RD-  !43 


RD-  144 

RD-  '45 
RD-  146 
RD-  107 

RD-  148 
RD-  14* 

RD-  114 

RD-  til 
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NOTE  DTL2  DESIRED  TIME  LATE 

NOTE  TTMS2  TIME  TIL  MILESTONE  2 

A SEA2 . X =PSE2 . K+US1JRGF . K*CRPA2 . K 

NOTE  SEA2  SCHEDULE  EXTENSION  ADoUSTQR 

NOTE  CRPA2  COST  RATIO.  PLANNED  TQ  ACTUAL 

RD-  112 

A CRPA2.K=PC2.K/CR2.K 

NOTE  CRPA2  COST  RATIO.  PLANNED  T0  "CTUAL 

NOTE  PC2  PLANNED  COST 

NOTE  CR2  COST  REPORTED 

RD-  113 

A SCD2,K=CLIP(2»i3.SEA2.K».6) 

NOTE  SCD2  SCHEDULE  EXTENSION  DECISION 

NOTE  SEA2  SCHEDULE  EXTENSION  ADJUSTOR 

RD-  114 

A CMS2 . X =SCDM2 . K»  DTL2 . K 

RD-  115 

A SCHM2 .K*GLIP(1 .SCH2.K .SCH2.K. 1) 

NOTE  CMS2  CHANCE  IN  1ILESTCNE  2 

NOTE  SCD2  SCHEDULE  EXTENSION  DECISION 

NOTE  DTL2  DESIRED  TIME  LATE 

NOTE 

NOTE  COST  REPORTING 

NOTE 

RD-  114 

L CR2 .K=CR2 . J+QT* ICRR2. JK-CRTR2 . JK!  RO-  117 


N CR2=CR2C 
C CR2C=3 


RO-  113 
RD-  119 


NOTE  CR2  COST  REPORTED 

NOTE  CRR2  COST  REPORTING  RATE 

NOTE  CRTR2  COST  REPORTING  TRANSFER  RATE 

R CRR2.KL=CE2*BCFS2.K*PG»2.K/PTCR 
C CE2-2 

NOTE  CRR2  COST  REPORTED  RATE 

NOTE  CE2  COST  ESTIMATING  ERROR 

NOTE  DCFS2  DESIRED  COST  FACTOR  .SMOOTHED! 

NOTE  PGM2  PROGRAM 

A DCFS2 . K=SNOOTH I DCF2 . K . DCFD) 

C DCFD= 1 

NOTE  DCFS2  DESIRED  COST  FACTOR  (SMOOTHED! 

NOTE  DCF2  DESIRED  COST  FACTOR 

NOTE  DCFD  DESIRED  COST  FACTOR  DELAY 

NOTE 

NOTE  PLANNED  COSTS 

NOTE 

L PC2 . K=PC2 . J+DT * (PCR2 . JK-PCTR2 , JK ) 

N PC2=PC2C 
C PC2C=# 


NO  IE 

PC2 

PLANNED  COSTS 

NOTE 

PCR2 

PLANNED  COST  RAIL 

NOTE 

PCTR2 

PLANNED  COST  TRANSFER  RATE 

R 1 

5CR2 .KL=PPGM2 . JK/PTCR+CPC2 . K 

NOTE 

PCR2 

PLANNED  COST  RATE 

NOTE 

PGM2 

PROGRAM 

RD-  123 
RD-  121 


RD-  122 
RD-  123 


RD-  124 
RD-  125 
RD-  124 


RD-  127 


MICROCOPY  RESOLUTION  TEST  CHARI 


NATIONAL  BURIAtJ  Ql  STANDARDS  1%J  A 


f 


1 

NOTE 

PTCR 

PROGRESS  TO  COST  RATIO 

A TPC2 . K=TPC/PTCR+CPC2 . K 

NOTE 

TPC2 

TOTAL  PLANNED  COST 

NOTE 

TPG2 

TOTAL  PROCRESS  GOAL 

NOTE 

PTCR 

PROGRESS  TO  COST  RATIO 

t 

NOTE 

CPC2 

CHANCE  IN  PLANNED  COST 

L 

NOTE 

NOTE 

PRODUCT  VALUE 

1 

NOTE 

L PV2 . K=PV2 . J+DT  * (PVR2 . JK-PVTR2 . JK) 

N PV2=PV2C 
C PV2C:8 

MOTE  PV2  PRODUCT  VALUE 

NOTE  PVR2  PRODUCT  VALUE  RATE 

NOTE  PVTR2  PRODUCT  VALUE  'RANSFER  RATE 

R PVR2 . KL=PPVS2 . K*PVA2 . K 

NOTE  PVR2  PRODUCT  VALUE  RATE 

NOTE  PPVS2  PLANNED  PRODUCT  VALUE  (SMOOTHED) 

NOTE  PVA2  PRODUCT  VALUE  ADJUSTOR 

A PPVS2 . K=SMOOTH (PP2 .K , PPD) 

NOTE  PPVS2  PLANNED  PRODUCT  VALUE  (SMOOTHED) 

NOTE  PP2  PLANNED  PROGRESS 

NOTE  PP2D  PLANNED  PROGRESS  DELAY 

A PVA2 . K=PRAP2 . K*CRPA2 . K 

NOTE  PVA2  PRODUCT  VALUE  ADJUSTOR 

NOTE  PRAP2  PROGRESS  RATIO*  ACTUAL  TO  PLANNED 

NOTE  CRPA2  COST  RATIO*  PLANNED  TO  ACTUAL 

A PRAP2 . K =PAP2 . K/PP2 . K 

NOTE  PRAP2  PROGRESS  RATIO*  ACTUAL  TO  PLANNED 

NOTE  PAP2  PERCEIVED  ACTUAL  PROCRESS 

NOTE  PP2  PLANNED  PROGRESS 

A CRPA2.K=PC2.K/CR2.K 

NOTE  CRPA2  COST  RATIO*  PLANNED  TO  ACTUAL 

NOTE  PC2  PLANNED  COST 

NOTE  CR2  COST  REPORTED 

NOTE 

NOTE  FUNDS  LIMIT  AND  PRESSURE  FOR  ADDITIONAL  FUNDS 
NOTE 

A FLF2.K=TABHL(FLFT,2*TWC2.K,8,13,1) 

NOTE  FLF2  FUNDS  LIMIT  FACTOR 

NOTE  TWC2  TIME  WEIGHTED  COST 

A TWC2.K=TTMS2.K*CRPA2.K 

NOTE  TWC2  TIME  WEIGHTED  COST 

NOTE  TTMS2  TIME  TIL  MILESTONE  2 

NOTE  CRPA2  COST  RATIO,  PLANNED  TO  ACTUAL 

A PIF2.K=TABHL(P1FT,FLF2.K,0,1.4,.2) 

NOTE  PIF2  PRESSURE  FOR  INCREASED  FUNDS 

NOTE  FLF2  FUNDS  LIMIT  FACTOR 

A ITAF2.K=FA2.K*PIF2.K»PRAP2.  K+USURGF  .K-*MAIMPF) 


RD-  128 

RD-  129 
RD-  130 
RD-  131 

RD-  132 

RD-  133 

RD-  134 

RD-  135 

RD-  134 

RD-  137 

RD-  138 

RD-  139 

RD-  141 


272 


r 


NOTE 

ITAF2 

INCLINATION  TO  APPROVE  FUNDS 

NOTE 

FA2 

FUNDS  AVAILIABILITT 

NOTE 

PIF2 

PRESSURE  FOR  INCREASED  FUNDS 

NOTE 

PRAP2 

PROGRESS  RATIOt  ACTUAL  TO  PLANNED 

NOTE 

MAIMPF 

MISSION  AREA  IMPORTANCE  FACTOR 

A FID2.K=TABHL(FIDTr ITAF2.Kr.3r2.0T .2) 

RD-  141 

NOTE 

FID2 

FUNDS  INCREASE  DECISION 

NOTE 

ITAF2 

INCLINATION  TO  APPROVE  FUNDS 

A CPC2 . K=F I D2 . K*ECC2 . K 

RD-  142 

NOTE 

CPC2 

CHANGE  IN  PLANNED  COST 

NOTE 

FID2 

FUNDS  INCREASE  DECISION 

NOTE 

ECC2 

ESTIMATED  CHANCE  IN  COST 

A ECC2 . K= (TSMSU . K+TTMS2 . K 1 / (PTCR*CRPA2 . K ) 

RD-  143 

NOTE 

ECC2 

ESTIMATED  CHANGE  IN  COST 

NOTE 

CRPA2 

COST  RATlOr  PLANNED  TO  ACTUAL 

NOTE 

TSMS0 

TIME  SINCE  MILESTONE  i 

NOTE 

- TTHS2 

TIME  TIL  MILESTONE  2 

NOTE 

PTCR 

PROGRESS  TO  COST  RATIO 

NOTE 

<NI 

u_ 

.K=TABHL(FATtFAF2.Ki#t.4i .05) 

RD-  144 

NOTE 

FA2 

FUNDS  AVAILABILITY 

NOTE 

FAF2 

FUNDS  AVAILABILITY  FACTOR 

A FAF2.K=ECC2.K/RDA.K12) 

RD-  145 

NOTE 

FAF 

FUNDS  AVAILABILITY  FACTOR 

NOTE 

ECC2 

ESTIMATED  CHANGE  IN  COST 

NOTE 

RDA (2) 

RESEARCH  DOLLARS  APPROPRIATED 

NOTE 

NOTE 

WEAPON 

STSTEH  DEVELOPMENT-FULL  SCALE  DEVELOPMENT 

NOTE 

ACTUAL 

PROGRESS  SECTION 

NOTE 

L AP3.K=AP3.J 

+ DT* (APR3 . JK-APTR3 . JK ) 

RD-  144 

N AP3=AP3C 

RD-  147 

C AP3C=0 

RD-  148 

NOTE 

AP3 

ACTUAL  PROGRESS 

NOTE 

APR3 

ACTUAL  PROGRESS  RATE  (PROGRESS/TIHE) 

NOTE 

APTR3 

ACTUAL  PROCRESS  TRANSFER  RATE  (PROGRESS/TIME) 

R APR3. KL=TE3 , 

,K*PGH3.K»CAPRS3.K 

RD-  149 

A TE3 . K = 1 / TCF . K*ME3»PASTP2 . K / PSTPP2 . K 

RD-  15# 

C HE3-1 

RD-  151 

NOTE 

APR3 

ACTUAL  PROGRESS  RATE 

NOTE 

TE3.K 

TECHNICAL  EFFECTIVENESS 

NOTE 

PCH3 

PROGRAM 

NOTE 

CAPRS3 

CHANCE  IN  ACTUAL  PROGRESS  RATE  (SMOOTHED) 

(FRACTIO 

NOTE 

ME3 

MANAGEMENT  EFFECTIVENESS 

A PCH3 . K*TABHL  < PCH3T » SCHED3 . K » • * 3 » . #83) *H£D3 . K*DCP3 . K* 1 2/  RD-  152 

I (TTHS3.K+TSHS2.K) 

MOTE-  PGH3  PROGRAM 

MOTE  TTMS3  TIME  TIL  MILESTONE  3 

NOTE  WSD3  WEAPONS  STSTEH  DEVELOPMENT  PHASE  3 
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NOTE  DCP3  DECISION  COORD  PAPER  3 
A SCHED3.K-TSHS2  XI (TSMS2 . K+TTMS3 . K) 

A CAPRS3. KsSMOOTH ICAPR3 . K i CAPRD) 

A CAPR3 . K=PLF3 . K+DCAPR3 . K 


NOTE 

CAPRS3 

CHANGE  IN  ACTUAL  PROGRESS  RATE  (SMOOTHED) 

NOTE 

CAPR3  1 

CHANGE  IN  ACTUAL  PROGRESS  RATE 

NOTE 

CAPRD 

CHANGE  IN  ACTUAL  RATE  DELAY 

NOTE 

FLF3 

FUNDS  LIMIT  FACTOR 

NOTE 

DCAPR3 

DESIRED  CHANGE  IN  ACTUAL  PROGRESS  RATE 

A DCAPR3 . K=APR3 . JK- DPR3 . K 

NOTE 

DCAPR3 

DESIRED  CHANGE  IN  ACTUAL  PROGRESS  RATE 

NOTE 

APR3 

ACTUAL  PROCRESS  RATE 

NOTE 

NOTE 

DPR3 

DESIRED  PROGRESS  RATE 

A PAP3 . K ^SMOOTH ( AP3 . K t APD3) 

C APD3= 1 

NOTE 

PAP3 

PERCEIVED  ACTUAL  PROGRESS 

NOTE 

AP3 

ACTUAL  PROGRESS 

NOTE 

APD3 

ACTUAL  PROGRESS  DELAY 

A RAPS . K-TPC-PAP3 . K 


NOTE 

RAP! 

REMAINING  ACTUAL  PROGRESS 

NOTE 

TPG 

TOTAL  PROGRESS  GOAL 

NOTE 

PAP3 

PERCEIVED  ACTUAL  PROGRESS 

A PRR3 . K ( I ) =RAP3 . K/RTTMS3 . K ( I ) 

NOTE  PRR3  PROGRESS  RATE  REQUIRED 

NOTE  RAP3  RENAININC  ACTUAL  PROGRESS 

NOTE  RTTMS3  REVISED  TIRE  TIL  NILESTONE  3 
A RTTHS1.K(I)=TTHS3.K(I)+T(I) 


NOTE 

RTTNS3 

REVISED  TINE  TIL  MILESTONE  3 

NOTE 

TTMS3 

TIME  TIL  MILESTONE  3 

NOTE 

T 

TINE 

A CF3.K(I)!TABHL(CFT3iPPR3.K(I) ».6»2».2) 


NOTE 

CF3 

COST  FACTOR 

NOTE 

PRR3 

PROCRESS  RATE  REQUIRED 

A CP3 . K ( I ) :CF3 . K ( I ) *RTTMS3 . K ( I ) 


NOTE 

CP3 

COST  PENALTY 

NOTE 

CF3 

COST  FACTOR 

NOTE 

RTTMS3 

REVISED  TIME  TIL  MILESTONE  3 

A SF3.K(I)*TABHLISFT1.T(!M,1»,1) 

NOTE  SF3  SCHEDULE  FACTOR 

NOTE  T TIRE 

A SP3.KII)*SF3.K(I)»T(I) 

NOTE  SP3  SCHEDULE  PENALTY 

NOTE  SF3  SCHEDULE  FACTOR 

NOTE  T TIRE 

A TC3.K ( I ) * (CWF+CP3.K ( I ) )♦ (SWF»SP3.K ( I ) ) 


NOTE 

TC3 

TOTAL  COST 

NOTE 

CNF 

COST  WEIGHT  FACTOR 

NOTE 

CP3 

COST  PENALTY 

RD-  153 
RD-  15* 
RD-  155 


RD-  156 


RD-  157 
RD-  158 


RD-  159 

RD-  161 

RD-  161 

RD-  162 

RD-  163 

RD-  164 

RD-  165 

RD-  166 
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NOTE  SWF  SCHEDULE  WEIGHT  FACTOR 

NOTE  SP3  SCHEDULE  PENALTY 

NOTE 

A DATA3.K=DPRl(DCF3.K»DTL3.K.TC3.KtPRR3.KiCF3.KiT) 

NOTE  PLANNED  PROGRESS 

NOTE 

L PP3 . K=PP3.  J+OT*  (PPGH3 . JK-PPTX3 . JK! 

N PP3=PP3C 
C PP3C=8 


NOTE 

PP3 

PLANNED  PROGRESS 

NOTE 

PPGH3 

PLANNED  PROGRESS  RATE 

NOTE 

PPTX3 

PLANNED  PROGRESS  TRANSFER  RATE 

A PSCHD3.K-TSNS3.K/TIFSD.K 
R PPGN3 . KL=TABLE (PCM1T. PSCHD3 . K . i , 1 . . 083) *WSD3 . K 

I *DCP3.K*12/TIFSD.K 


NOTE 

NOTE 

PSCHD 

PLANNED  SCHEDULE 

NOTE 

TSNS3 

TINE  SINCE  MILESTONE  3 

NOTE 

TIFSD 

TIME  IN  FULL-SCALE  DEVELOPMENT 

NOTE 

PPGM3 

PLANNED  PROGRESS  RATE 

NOTE 

WSD3 

WEAPON  STSTEM  DECISION 

NOTE 

DCP3 

DECISION  COORDINATING  POINT 

NOTE 

NOTE 

NOTE 

PRESSURE  FOR  SCHEDULE  EXTENSION 

NOTE 

A PSE3,K=TABHL(PSE3TiELF3.Ki8i3i.2) 

A ELF3 

.K=DTL3.K/TTMS3.K 

NOTE 

NOTE 

PSE3 

PRESSURE  FOR  SCHEDULE  EXTENSION 

NOTE 

ELF3 

ESTIMATED  LATE  FACTOR 

NOTE 

DTL3 

DESIRED  TIME  LATE 

NOTE 

TTNS3 

TIME  TIL  MILESTONE  3 

NOTE 

A SEA3.K=PSE3.K*U$URCF.K#CRPA3.K 

NOTE 

NOTE 

SEA3 

SCHEDULE  EXTENSION  ADJUSTOR 

NOTE 

CRPA3 

COST  RATIO.  PLANNED  TO  ACTUAL 

NOTE 

A SCD3.K-CLIP  <3? 0tSEA3.K> .4) 

A CMS3.K=SCD3.K»DTL3.K 

NOTE 

NOTE 

SCD3 

SCHEDULE  EXTENSION  DECISION 

NOTE 

SEAS 

SCHEDULE  EXTENSION  ADJUSTOR 

NOTE 

CNS3 

CHANCE  IN  MILESTONE  3 

NOTE 

DTL3 

DESIRED  TIME  LATE 

NOTE 

NOTE 

COST  REPORTING 

NOTE 

RD-  147 


RD-  148 
RD-  149 
RD-  178 


RD-  171 
RD-  172 


RD-  173 
RD-  17« 


RD-  175 


RD-  174 
RD-  177 
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I CR3 . K=CR3 . J+DT* ( CRR3 . JK-CRTR3 . JK ) 

N CR3=CR3C 
C CR3C=# 

R CRR3 . KL=C£3*DCFS3 . K»PCM3 . K/PTCR 
C CE3= 1 

A DCFS3 . K=SMOOTH ( DCFS . K » 3CF3D ) 

C DCF3D=1 


NOTE 

NOTE 

CR3 

COST  REPORTED 

NOTE 

CRR3 

COST  REPORTING  RATE 

NOTE 

CRTR3 

COST  REPORTING  TRANSFER  RATE 

NOTE 

CE3 

COST  ESTIMATING  ERROR 

NOTE 

PCM 

PROGRAM 

NOTE 

DCFS3 

DESIRED  COST  FACTOR  ISMOOTHEDJ 

NOTE 

DCFS 

DESIRED  COST  FACTOR 

NOTE 

NOTE 

DCF3D 

DESIRED  COST  FACTOR  DELAT 

NOTE 

NOTE 

PLANNED  COSTS 

L PC3 . K =FC3 . J+ DT*  I PCR3 . JK  - PCTR3 . JK ) 


N PC3=PC3C 
C PC3C=0 

R PCR3 . KL =PPC»3 . JK/PTCR+CPC3 . K 


NOTE 

NOTE 

PC3 

PLANNED  COSTS 

NOTE 

PCR3 

PLANNED  COST  RATE 

NOTE 

PCTR3 

PLANNED  COST  TRANSFER  RATE 

NOTE 

PGH3 

PROGRAM 

NOTE 

NOTE 

PTCR 

PROGRESS  TO  COST  RATIO 

ft  TPC3.K=TPG/PTCR+CPC3.K 
NOTE 


NOTE 

TPC3 

TOTAL  PLANNED  COST 

NOTE 

TPC3 

TOTAL  PROGRESS  GOAL 

NOTE 

PTCR 

PROGRESS  TO  COST  RATIO 

NOTE 

NOTE 

CPC3 

CHANCE  IN  PLANNED  COST 

NOTE 

NOTE 

PRODUCT  VALUE 

L PV3 . K=PV3 . J+DT* ( PVR3 . JK-PVTR3 . JK) 

N PV3=PV3C 
C PV3C=(i 

R PVR3 . KL=PPVS3 . K*PVft3 ■ K 
ft  PPVS3 . K = SMOOTH ( PP3 . K » PP  D > 


NOTE 

NOTE 

PV3 

PRODUCT  VALUE 

NOTE 

PVR3 

PRODUCT  VALUE  RATE 

NOTE 

PVTR3 

PRODUCT  VALUE  TRANSFER  RATE 

NOTE 

PPVS3 

PLANNED  PRODUCT  VALUE  (SMOO 

RD-  178 
RD-  179 
RD-  180 
RD-  181 
RD-  182 
RD-  183 
RD-  184 


RD-  185 
RD-  184 
RD-  187 
RD-  188 


RD-  189 


RD-  19# 
RD-  191 
RD-  192 
RD-  193 
RD-  194 
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NOTE  PVA3  PRODUCT  VALUE  ADJUSTOR 

NOTE  PP3  PLANNED  PROGRESS 

NOTE  PPD  PLANNED  PROGRESS  DELAT 

NOTE 

A PVA3 . K=PRAP3 . K*CRPA3 . K 

NOTE 

NOTE  PVA3  PRODUCT  VALUE  ADJUSTOR 

NOTE  PRAP3  PROGRESS  RATIO.  ACTUAL  TO  PLANNED 

NOTE  CRPA3  COST  RATIO.  PLANNED  TO  ACTUAL 

NOTE 

A PRAP3.K=PAP3.K/PP3.K 
NOTE 

NOTE  PRAP3  PROCRESS  RATIO.  ACTUAL  TO  PLANNED 

NOTE  PAPS  PERCEIVED  ACTUAL  PROGRESS 

NOTE  PP3  PLANNED  PROGRESS 

NOTE 

A CRPA3 . K=PC3 . K/CR3 . K 
NOTE 

NOTE  CRPA3  COST  RATIO.  PLANNED  TO  ACTUAL 

NOTE  PC3  PLANNED  COST 

NOTE  CR3  COST  REPORTED 

NOTE 

NOTE 

NOTE  FUNDS  LIMIT  AND  PRESSURE  FOR  ADDITIONAL  FUNDS 
NOTE 

A FLF3 . K = TA8HL (FLFT , THC3 . K . » . 1 » . t ) 

NOTE 

NOTE  FLF3  FUNDS  LIMIT  FACTOR 

NOTE  TUC3  TIME  WEIGHTED  COST 

NOTE 

A TWC3.K=TTH$3.K»CRPA3.K 
NOTE 

NOTE  TUC3  TIME  WEIGHTED  COST 

NOTE  TTMS3  TIME  TIL  MILESTONE  3 

NOTE  CRPA3  COST  RATIO.  PLANNED  TO  ACTUAL 

NOTE 

A PIF3.K=TABHL(PIFT,FLF3.K,#»1 .2) 

NOTE 

NOTE  PIF3  PRESSURE  FOR  INCREASED  FUNDS 

NOTE  FLF3  FUNDS  LIMIT  FACTOR 

NOTE 

A ITAF3.K=FAl.K«PIF3. K*PRAP3 . K»USURCF . K*HA IMPF 

NOTE 

NOTE  ITAF3  INCLINATION  TO  APPROVE  FUNDS 

NOTE  FA3  FUNDS  AVAILIABILITT 

NOTE  PIF3  PRESSURE  FOR  INCREASED  FUNDS 

NOTE  PRAP3  PROGRESS  RATIO.  ACTUAL  TO  PLANNED 

NOTE  HA IMPF  MISSION  AREA  IMPORTANCE  FACTOR 
NOTE 


RD-  195 


RD-  194 


RD-  197 


RD-  198 


RD-  199 


RD-  I'A 


RD-  Zfl 


2 77 


rd-  m 


A FI03.K*TABHL(FIDTr ITflF3.K» .3f2. ».2) 

NOTE 

NOTE  FIDS  FUNDS  INCREASE  DECISION 

NOTE  ITAF3  INCLINATION  TO  APPROVE  FUNDS 

NOTE 

A CPC3.K*FID3.K»ECC3.K  RD-  383 

NOTE 

NOTE  CPC3  CHANCE  IN  PLANNED  COST 

NOTE  FID3  FUNDS  INCREASE  DECISION 

NOTE  ECC3  ESTIMATED  CHANCE  IN  COST 

NOTE 

A ECC3.KLslTSMS0,K+TTHS3.K)/PTCR*CLIPIICR3.Ki0iICR3.Ki0)  RD-  204 

NOTE 

NOTE  ECC3  ESTIMATED  CHANGE  IN  COST 

NOTE  CRPA3  COST  RATIO.  PLANNED  TO  ACTUAL 

NOTE  TSHS0  TINE  SINCE  MILESTONE  t 

NOTE  TTMS3  TIME  TIL  MILESTONE  3 

NOTE  PTCR  PROCRESS  TO  COST  RATIO 

NOTE 

A FA3.K=TA8HL (FAT .FAF3.K.0. ,4. .35)  RD-  2*5 

NOTE 

NOTE  FA3  FUNDS  AVAILABILITY 

NOTE  FAF3  FUNDS  AVAILABILITY  FACTOR 

NOTE 

A FAF3.K=ECC3.K/RDA.K(2)  RD-  204 

NOTE 

NOTE  FAF  FUNDS  AVAILABILITY  FACTOR 

NOTE  ECC3  ESTIMATED  CHANGE  IN  COST 

NOTE  RDAI2)  RESEARCH  DOLLARS  APPROPRIATED 

NOTE 


MOTE  WEAPON  SYSTEM  DEVELOPMENT  SECTOR 


NOTE 

NOTE 

A WSDl.K--SWITCH(t,frRSNWS.!<)  OT-  t 

A W$D2.KsCLIP(l,f»PPVl.Kr ,8)»RPF.K  DT-  2 

A W3D3.K*CUP(l.ftPPV2.K».8'*RPF.K  DT-  3 

A USD4.K=CLIPUr#»PPV3.K»  .8)*IPF.K  DT-  4 

NOTE 


NOTE  WSD  AUTHORIZES  THE  VARIOUS  PHASES  OF  WEAPONS  DEVELOPMENT 

NOTE  THE  SWITCH  IS  TURNED  ON  IF  THE  PRODUCT  VALUE  WEIGHTED  BY 

NOTE  URGENCY  IS  HIGH  ENOUGH  TO  WARRANT  CONTINUED  DEVELOPMENT. 
NOTE  THE  SWITCH  STAYS  ON  DURING  THE  ENTIRE  PHASE,  BUT  IS 

NOTE  TURNED  OFF  AT  THE  CANCELLATION  OR  TRANSFER  OF  DEVELOPMENT. 

NOTE  RPF  RESEARCH  PROCRAN  FUNDING 

NOTE  IPF  INVESTMENT  PROGRAM  FUNDING 

NOTE 


A 

DCPl.K=SWITCH(f r lrTTHSl.K) 

DT- 

5 

A 

DCP2.K=SWITCH(lrliTTHS2.K) 

DT- 

k 

A 

DCP3.K=SWITCH(frlrTTMS3.K) 

DT- 

7 

A 

DCP4.K=SWITCH(1 if rTTPCC.K) 

DT- 

8 

NOTE 

NOTE  DCP  IS  THE  POINT  IN  TIME  WHERE  THE  DSARC  DECISIONS  ARE  MADE 

NOTE  PROGRAMS  CAN  EITHER  BE  CANCELLED  OR  AUTHORIZED  FOR  FURTHER 

NOTE  DEVELOPMENT  WHEN  THE  DSARC  DCP  ARE  REVIEWED 
NOTE 


A 

TX1.K 

SWITCH ( 1 r 0?  OCP1 .K) 

DT- 

9 

A 

TX2.K 

SWITCH ( 1 »#»  DCP2. K) 

DT- 

If 

A 

TX3.K 

SWITCH(lr#rDCP3.K) 

DT- 

11 

A 

TX4.K 

SWlTCH(l?frDCP4.K) 

DT- 

12 

NOTE 

NOTE  TX  IS  THE  TRANSFER  SWITCH  WHICH  IS  TURNED  ON  WHEN  THE 

NOTE  DSARC  DCP  DECISION  IS  MADE.  IT  ALLOWS  THE  PROGRAM  LEVELS 


NOTE  TO  BE  EMPTIED. 

NOTE 

A DSWII.K-CLIPIfrliTSMSl9.Ki2)  DT-  13 

A 3SWI2.K:CLIP(f rlrTSMSl.KiZ)  DT-  14 

A DSWI3.K=CLIP(f.lrTSMS2.Kr2)  DT-  15 

A DSWI4.K--CLIP(irlrT$H$3.Kt2)  DT-  If, 

NOTE 


NOTE  DSWI  IS  THE  DOLLAR  SWITCH  WHICH  TURNS  ON  THE  DAY  THAT 

NOTE  MILESTONE  DECISION  IS  MADE  TO  RELEASE  DOLLARS  FOR  CONTRACTS 

NOTE  AND  OTHER  EXPENDITURES  THAT  OCCUR  AFTER  APPROVAL. 

NOTE  TIME  CONTROL 

NOTE 

L FYTIHE.K=FYTIME.J+DT*IFYTIN.JK-FTTOUT.JK)  DT-  17 

N FYTIME=1  DT-  18 

NOTE 

NOTE  FYTIME  PICSAL  TEAR  TIME  CLOCKICEARED  TO  MONTHS) 

NOTE  FYTIN  FISCAL  TIME  IN 
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W/S  \ / Dollar 

Decision)  ( Switch 

WSD1  / —\  DSW11 


i — ( 

O 

(H 

•P 

Pi 

o 

o 


IA  <D 

i a 

O -H 
EH 
<D 

fH  Tj 

Go  i 

•H 

pi 


o 

•H 


CO 

•H 


O 

d) 
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DT-  1? 


NOTE  FTTOUT  FISCAL  TEAR  TIME  OUT 
R FTT!N.KL=1 

NOTE  FTTIM  FISCAL  TEAR  TIME  IN  (MONTHS) 


R 

FTTOUT.  XL=FTTIHE.K*FTT1(.K 

DT- 

Zi 

NOT 

iE  FTTOUT  FISCAL  TEAR  TINE  OUT  (NONTHSI 

A 

FTTX.K*CLIP(l»i»FTTINE.K»12) 

DT- 

21 

NOTE  FYTX  FISCAL  TEAR  TRANSFER 

NOTE 

L 

TSNS0 . K = TSNS0 . J+DT» ( TI N1 . JK- TOUT 1 . JK ! 

DT- 

*■? 

N 

TSNS0=TSNS0C 

DT- 

23 

C 

TSMSiC=« 

DT- 

24 

NOTE 

NOTE  TSHSa  TINE  SINCE  MILESTONE  i 

NOTE  TIN1  TINE  IN  PHASE  I 

NOTE  TOUT!  TINE  OUT  OF  PHASE  1 

NOTE 

R TIN1.KL*WS01.K»DCP1.K  DT-  25 

R TOUT 1 . KL=TSMS0 . K =TX 1 . K DT-  24 

NOTE 

NOTE  TIN1  TINE  IN  PHASE  1 

NOTE  NSDl  WEAPON  STSTEN  DEVELOPMENT  1 


NOTE 

DCP1 

DECISION  COORD  POINT  1 

NOTE 

TOUT1 

TINE  OUT  OF  PHASE  1 

NOTE 

TSMS0 

TINE  SINCE  MILESTONE  i 

NOTE 

TX1 

TRANSFER  SWITCH  1 

NOTE 

A 

TTHS1 . K=TICP .K-TSMS3 . K+CMS1 . K 

DT- 

27 

A 

TICP.K=TICPC*TM.K 

DT- 

28 

C 

TICPCM2 

DT- 

29 

N 

TTHSM 

DT- 

31 

A 

TM.K:SHOQTH(l/USURCF.Ki  12) 

DT- 

31 

NOTE 

TN 

TINE  MULTIPLIER 

NOTE 

TTMSt 

TINE  TIL  MILESTONE  l 

NOTE 

TICP 

TINE  IN  CONCEPTUAL  PHASE 

NOTE 

TSMS0 

TIME  SINCE  MILESTONE  i 

NOTE 

CNS1 

CHANCE  IN  MILESTONE  I 

NOTE 

L 

TSHS  t . K=TSWS1 . J+DT-»  (T IN2 . JK-T0UT2 . JK) 

DT- 

32 

N 

T$MS1=TSMS1C 

DT- 

33 

C 

TSMS1C=0 

DT- 

34 

NOTE 

TSNS1 

TINE  SINCE  MILESTONE  1 

NOTE 

TIN2 

TIME  IN  PHASE  2 

NOTE 

T0UT2 

TIME  OUT  OF  PHASE  2 

R 

TIN2.KL=MSD2.K*DCP:.K 

DT- 

35 

R 

T0UT2.KL=TSMS1,K»7)(2,K 

i)T- 

34 

NOTE 

NOTE 

TINS! 

TIME  SINCE  MILESTONE  1 

NOTE 

TIN2 

TIME  IN  PHASE  2 

NOTE 

WSD2 

WEAPON  SYSTEM  DEVELOPMENT  2 
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NOTE 

DC?2 

DECISION  COORDINATIN';  POINT  2 

NOTE 

T0UT2 

THE  OUT  OF  PHASE  2 

NOTE 

TS131 

THE  SINCE  MILESTONE  ! 

NOTE 

TX2 

TRANSFER  SWITCH  2 

A 

TTNS2 .K=TIVP. X-TSMS1 . K+CMS2 . K 

DT- 

37 

N 

TTi132=  1 

DT- 

38 

A 

TIVP,K=TIVPC*TM.K 

DT- 

39 

C 

TIVPC=24 

DT- 

48 

NOTE 

NOTE 

TTXS2 

THE  TIL  MILESTONE  2 

NOTE 

TIVP 

THE  IN  DEVELOPMENT  PHASE 

NOTE 

TSMS1 

THE  SINCE  MILESTONE  1 

NOTE 

CMS2 

CHANCE  IN  MILESTONE  2 

NOTE 

TM 

TIME  MULTIPLIER 

NOTE 

L 

TSMS2 . K=TSHS2 . J*DT* (T I N3 . JK-T0UT3 . JK  1 

DT- 

41 

N 

TSMS2=TSMS2C 

DT- 

42 

C 

TSMS2C=8 

DT- 

43 

NOTE 

TSMS2 

TIME  SINCE  MILESTONE  2 

NOTE 

TIN3 

TIME  IN  PHASE  3 

NOTE 

T0UT3 

TIME  OUT  OF  PHASE  3 

R TIN3.KL=WSD3.K*DCP3.K 

r ; 

iOUT3.KL=T3«S2.K*TX3.K 

NOTE 

TSHS2 

TIME  SINCE  MILESTONE  2 

NOTE 

TIN3 

TIME  IN  PHASE  3 

NOTE 

WSD3 

WEAPON  STSTEM  DEVELOPMENT  3 

NOTE 

DCP3 

DECISION  COORDINATING  POINT 

NOTE 

T0UT3 

TIME  OUT  OF  PHASE  3 

NOTE 

TT3 

TRANSFER  SWITCH  3 

NOTE 

A TTMS3 .K=T IFSO. K-TSHS2 .K+CH53 . K 


DT-  44 


N TT«S3=iJ 

6 TIFSD.K=TIFSDC»TM.X 
C TIFSDC=34 


NOTE 

NOTE 

TTHS3 

TINE  TIL  MILESTONE  3 

NOTE 

TIFSD 

TIME  IN  FULL  SCALE  DEVELOPMENT 

NOTE 

TSMS2 

TIME  SINCE  MILESTONE  2 

NOTE 

CMS3 

CHANCE  IN  MILESTONE  3 

NOTE 

NOTE 

TM 

TIME  MULTIPLIER 

L TSHS3.  K*TS;iS3.  J4-DT  * (TIM4 . JK-T0UT4.  JK) 

N TSMS3=TS«S3C 
: TS«S3C=^ 

R TIN4.KL=WS04.<*DCP4,K 
S TOUT  4 . KL = TSMS3 . .< » T X * . K 
NOTE 

NOTE  13,133  TIME  SINCE  "ILESTONF  3 

’tDTE  TIN4  THE  IN  FROWC'ION 


OT-  47 
DT-  48 
DT-  49 


DT-  58 
DT-  51 
DT-  52 
DT-  53 
DT-  54 
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NOTE  USD  WEAPON  STSTEM  PRODUC'ION  DECISION 

NOTE  DCP  DECISION  TO  CONTINUE  PRODUCTION 

NOTE  TOUTS  TINE  PRODUCTION  COMPLETE 

NOTE  TSNS3  TINE  SINCE  MILESTONE  3 

NOTE  TXA  TRANSFER  RATE  (AT  PRODUCTION  COMPLETION) 

A TTPCC.K=TIP.K-TSHS3.K+CMS*.K 

NOTE  TTPCC  TIME  til  PRODUCTION  CONTRACT  COMPLETE 

NOTE  TIP  TIME  IN  PRODUCTION 

NOTE  TSMS3  TIME  SINCE  MILESTONE  3 

NOTE  CMS*  CHANCE  IN  SCHEDULE 

NOTE 

A TIP.K=TIPC*TM.K 
C TIPC='Z* 

NOTE 

NOTE  TIP  TIME  IN  PRODUCTION 

NOTE  TM  TIME  MULTIPLIER 

NOTE 
NOTE 

NOTE  TRANSFERS  AND  CANCELLATIONS 
NOTE 

R APTRl.KL-APl.K*m.K 
NOTE 

NOTE  APTR1  ACTUAL  PROGRESS  TRANSFER  RATE 

NOTE  API  ACTUAL  PROGRESS 

NOTE  TX1  TRANSFER  SWITCH  1 

NOTE 

L PASTP1 . K =PASTP 1 . J+DT* < APTR 1 . JK-PASTR 1 . UK  I 

N PA$TPl=PASTC 
C PASTC-0 

R PASTR1 . KL=PASTP1 . K*TX2 . K 

NOTE 

NOTE  PASTP1  PAST  PROGRESS  1 

NOTE  APTR1  ACTUAL  PROGRESS  TRANSFER  RATE 

NOTE  TXZ  TRANSFER  RATE2 

NOTE  PASTR1  PAST  PROGRESS  TRANSFER  RATE 

NOTE 

L PSTPPl .K=PSTPP1 .J+DT* (PPTI1 . JK-PSTPT1 , JK) 

N PSTPPl =PSTP1C 
C PSTP1C=0 

R PPTXl.KL-PPl.K*m.K 


NOTE 

NOTE 

PSTPP 

PAST  PLANNED  PROCRESS 

NOTE 

PPTX1 

PLANNED  PROCRESS  TRANSFER  RATE 

NOTE 

PPi 

PLANNED  PROCRESS 

NOTE 

TX1 

TRANSFER  RATE 

NOTE 

R PSTPT1.KL=PSTPP1.K»TX2.K 

NOTE 

NOTE 

PSTPT1 

PAST  PLANNED  PROCRASS  TRANSFER 

0T-  55 


DT-  56 
DT-  57 


DT-  58 


DT-  59 
DT-  6 i 
DT-  61 
DT-  62 


DT-  63 
DT-  6* 
DT-  65 
DT-  66 


DT-  67 


283 


NOTE 

PSTPP1 

PAST  PLANNED  PROGRESS 

NOTE 

TX2 

TRANSFER  RATE  2 

NOTE 

R CRTRI.KKR1.K*TX1.K 

NOTE 

NOTE 

CRTR1 

COST  REPORTED  TRANSFER  RATE 

NOTE 

CRi 

COST  REPORTED 

NOTE 

TX1 

TRANSFER  RATE 

NOTE 

R PCTR1 , KL=PC 1 . K*TX 1 . K 

NOTE 

NOTE 

PCTR1 

PLANNED  COST  TRANSFER  RATE 

NOTE 

PV1 

PRODUCT  VALUE 

NOTE 

TX1 

TRANSFER  RATE 

NOTE 

OT-  63 


DT-  69 


L 

PPV1 .K=PPV1 . J+DT* (PVTRA1.JK-PPVTR1.JK) 

DT- 

78 

N 

PPV1--PPV1C 

DT- 

71 

C 

PPV1C=8 

DT- 

72 

R 

PVTRA1  .KL=PPV1 . K»m . K*ADVOC . K*USURGF . K 

DT- 

73 

R 

PPVTRt . KL=PPV 1 . K*TX2 . K 

DT- 

74 

NOTE 

NOTE 

PPV1 

PAST  PRODUCT  VALUE 

NOTE 

PVTRA1 

PRODUCT  VALUE  TRANSFER  RATE 

NOTE 

PPVTR1 

PAST  PRODUCT  VALUE  TRANSFER  RATE 

NOTE 

PPV1 

PAST  PRODUCT  VALUE 

NOTE 

NOTE 

TX2 

TRANSFER  RATE 

R APTR2.KL=AP2,K*TX2.K 

NOTE 

NOTE 

APTR2 

ACTUAL  PROGRESS  TRANSFER  RATE 

NOTE 

AP2 

ACTUAL  PROGRESS 

NOTE 

NOTE 

TX2 

TRANSFER  SWITCH  2 

DT-  75 


L 

PASTP2. K - PASTP2 . J+DT* ( APTR2 . JK-PASTR2 . JK) 

DT- 

76 

N 

PASTP2=PASTC 

DT- 

77 

C 

PASTC=8 

DT- 

78 

R 

PASTR2.KL=PASTP2.K4TX3.K 

DT- 

79 

NOTE 

DT- 

38 

NOTE 

NOTE 

NOTE 

NOTE 

NOTE 


PASTP2  PAST  PROCRESS  2 

APTR2  ACTUAL  PROGRESS  TRANSFER  RATE 

TI3  TRANSFER  RATE3 

PASTR2  PAST  PROGRESS  TRANSFER  RATE 


L 

PSTPP2.K:PSTPP2,J+DT4(PP1'X2.  UK-PSTPT2.JK  I 

DT-  81 

N 

PSTPP2sPSTP2C 

DT-  82 

C 

PSTP2C=8 

DT-  83 

R 

PPTX2 . KL=PP2 . K*TX2 . K 

DT-  84 

NOTE 

NOTE 


PSTPP  PAST  PLANNED  PROGRESS 
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I 


NOTE 

PPTX2 

PLANNED  PROGRESS  TRANSFER  RATE 

NOTE 

PP2 

PLANNED  PROGRESS 

NOTE 

TX2 

TRANSFER  RATE 

NOTE 

R PSTPT2.KL=PSTPP2.K*TX3.K 

NOTE 

NOTE 

PSTPT2 

PAST  PLANNED  PROGRASS  TRANSFER  l 

NOTE 

PSTPP2 

PAST  PLANNED  PROGRESS 

NOTE 

TX3 

TRANSFER  RATE  3 

NOTE 

R CRTR2 . KL=CR2 . K*TX2 . K 

R 

PCTR2 . KL=PC2 . X*TX2 . K 

NOTE 

CRTR2 

COST  REPORTED  TRANSFER  RATE 

NOTE 

CR2 

COST  REPORTED 

NOTE 

TX2 

TRANSFER  RATE 

NOTE 

PCTR2 

PLANNED  COST  TRANSFER  RATE 

NOTE 

L PPV2 . K= PPV2 . J+DT* (PVTR2 . JK-PPVTR2 . JK I 

N PPV2=PPV2C 
C PPV2C-0 

R PVTRA2  .KL--PPV2 . K*TX2 . K»ADVQC . K»UStiRGF . K 

R PPVTR2.KL=PPV2.K»TX3.K 


NOTE 

PPV2 

PAST  PRODUCT  VALUE 

NOTE 

PVTRA2 

PRODUCT  VALUE  TRANSFER  RATE 

NOTE 

PPVTR2 

PAST  PRODUCT  VALUE  TRANSFER  RATE 

NOTE 

TI3 

TRANSFER  RATE 

NOTE 

ADVOC 

ADVOCACY  FACTOR 

NOTE 

NOTE 

USURCF 

US  URGENCT  FACTOR 

R APTR3.KL=AP3.K+TX3.K 

NOTE 

NOTE 

APTR3 

ACTUAL  PROGRESS  TRANSFER  RATE 

NOTE 

AP3 

ACTUAL  PROGRESS 

NOTE 

NOTE 

TX3 

TRANSFER  SWITCH  3 

L PASTP3 . K=PASTP3 . J+DT» ( APTR3. JK-PASTR3 . JK ) 

N PASTP3=PASTC 
C PASTC=0 

R PA3TR3 . KL=PASTP3.K*TX4 . K 


NOTE 

• 

NOTE 

PASTP3 

PAST  PROGRESS  3 

NOTE 

APTR3 

ACTUAL  PROGRESS  TRANSFER  RATE 

NOTE 

m 

TRANSFER  RATE4 

NOTE 

NOTE 

PASTR3 

PAST  PROGRESS  TRANSFER  RATE 

L PSTPP3 .K=PSTPP3. J+DT* (PPTX3. JK-PSTPT3. JK ) 

N PSTPP3--PSTP3C 
C PSTP3C=# 

R PPn3.Kl=PP3,K+TX3.K 


DT-  85 


DT-  86 
DT-  87 


DT-  88 
DT-  89 
DT-  90 
DT-  91 
DT-  92 


DT-  93 


OT-  94 
DT-  95 
DT-  96 
DT-  97 


DT-  98 
OT-  99 
DT-  100 
DT-  til 
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NOTE 

NOTE  PSTPP3  PAST  PLANNED  PROGRESS 

NOTE  PPTX3  PLANNED  PROGRESS  TRANSFER  RATE 

NOTE  PP3  PLANNED  PROGRESS 

NOTE  TX3  TRANSFER  RATE 

NOTE 

R PSTPT3.XL=PSTPP3.Ktm.K 
NOTE 

NOTE  PSTPT3  PAST  PLANNED  PROCRASS  TRANSFER  RATE 
NOTE  PSTPP3  PAST  PLANNED  PROGRESS 
NOTE  TU  TRANSFER  RATE  4 

NOTE 

R CRTR3.KL=CR3.K»TX3.K 
NOTE 

NOTE  CRTR3  COST  REPORTED  TRANSFER  RATE 

NOTE  CR3  COST  REPORTED 

NOTE  TX3  TRANSFER  RATE 

NOTE 

R PCTR3.KL=PC3 .K+TX3.K 

R PVTR3 . KL=PV3 .K»TX3. K*ADVOC . X»USURGF , K 

NOTE 

NOTE  PL  R PLANNED  COST  TRANSFER  RATE 

NOTE  PV  73  PRODUCT  VALUE  TRANSFER  RATE 

NOTE  PV3  PRODUCT  VALUE 

NOTE  TX3  TRANSFER  RATE 

NOTE 

L PPV3 . K=PPV3 . J+DT* (PVTR3 . JK-PPVTR3 . UK) 

N PPV3=PPV3C 
C PPV3C=0 
NOTE 

NOTE  PPV3  PAST  PRODUCT  VALUE 

NOTE  PVTR3  PRODUCT  VALUE  TRANSFER  RATE 

NOTE  PPVTR3  PAST  PRODUCT  VALUE  TRANSFER  RATE 

NOTE 

R PPVTR3 . KL=PPV3 . K+TX4.K 
NOTE 

NOTE  PPVTR3  PAST  PRODUCT  VALUE  TRANSFER  RATE 

NOTE  PPV3  PAST  PRODUCT  VALUE 

NOTE  TX4  TRANSFER  RATE 

NOTE 


DT-  102 


DT-  1#3 


DT-  104 
DT-  105 


DT-  106 
DT-  147 
DT-  108 


DT-  109 


286 


r 


NOTE  WEAPON  STSTEH  OPERATION  SECTOR 

NOTE 

L USO . K=USO . J+DT*  I USHR . JK+USOR . JK-USSDR . JK- WSRR . UK ) 

OP-  1 

N USO=USOC 

OP-  2 

NOTE 

C WS0C=9# 

OP-  3 

NOTE 

NOTE  USO 

WEAPON  STSTEH  OPERATIONAL 

NOTE  USDR 

WEAPON  STSTEH  DELIVER!  RATE 

NOTE  USHR 

WEAPON  STSTEH  HAINTENANCE  RATE 

NOTE  USSOR 

WEAPON  STSTEHS  STSTEH  DEFICIENT  RATE 

NOTE  USRR 

WEAPON  STSTEHS  RETIREHENT  RATE 

NOTE 

R USHR . KL :USORP . K+OSF . K 

OP-  A 

NOTE 

NOTE  USHR 

WEAPON  STSTEH  HAINTENANCE  RATE 

NOTE  USN 

WEAPON  STSTEHS  NOT  OPERATIONAL 

NOTE  OSF 

OPERATINC  AND  SUPPORT  FACTOR 

NOTE 

L USN .K=WSN. J+DT* (USSDR . JK-USHR . JK) 

OP-  5 

N USN=USNC 

OP-  6 

C USNCM8 

OP-  7 

NOTE 

NOTE  USN 

WEAPON  STSTEHS  NOT  OPERATIONAL 

NOTE  USSOR 

WEAPON  STSTEH  STSTEH  OEFICIENCT  RATE 

NOTE  USHR 

WEAPON  STSTEH  HAINTENACE  RATE 

NOTE 

R USSDR. KL=US£.K/HTBF.K 

OP-  8 

NOTE 

NOTE  USSOR 

STSTEH  DEFICIENT  RATE 

NOTE  USO 

WEAPON  STSTEHS  OPERATIONAL 

NOTE  USE 

USE 

NOTE  HT8F 

HEAN  TIHE  BETWEEN  FAILURES 

NOTE  OPERATINC  AND  SUPPORT  SECTION 

NOTE 

A USORP. K-USO.K/ (USN.K+USO.K) 

OP-  9 

NOTE  USORP 

WEAPON  STSTEH  OR  PERCENT 

NOTE  USO 

WEAPON  STSTEH  OPERATIONAL 

NOTE  USN 

WEAPON  STSTEH  NOT  OPERATIONAL 

NOTE 

A OSR.K=USORP.K*OSCF 

OP-  18 

C OSCF = . 1 

OP-  11 

NOTE 

NOTE  OSR 

O&S  REQUIRED 

NOTE  USORP 

WEAPON  STSTEH  OR  PERCENT 

NOTE  OSCF 

OtS  COST  FACTOR 

NOTE 

A PFOS. K=TABHL(PFQST. USORP. K,«,5#fl») 

OP-  12 

T PFOST* 1/1/1/ 1.15/ 1.82/2. S8 

OP-  13 
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NOTE 

NOTE  PFOS  PRESSURE  FOR  OtS 

NOTE  WSORP  WEAPON  SYSTEM  OR  PERSCENT 

NOTE 

A OSF . K=OSDAH . K*PFOS . K 

NOTE  OSF  OtS  FACTOR 

NOTE  OSDAH  OtS  DOLLAR  AVAILABLE  MULTIPLIER 

NOTE  PFOS  PRESSURE  FOR  OtS 

NOTE 

A OSDAIN .K=TABLE=TABXT (OSDAHTtOSR.K/OSA.K 1 1)  >0i2i .2! 

T OSDAHT=t.0/.98/.9/.32/.7/.52/.38/.Z9/.2S/  .Ul.it 

NOTE 

NOTE  OSDAH  OtS  DOLLAR  AVAILABILITY  MULTIPLIER 

NOTE  OSA  OtS  AVAILABLE 

NOTE 

A USE . K = WSORF . K* ( WSO . K+USN . K ) *OPLAN . K 

NOTE 

NOTE  USE  USE 

NOTE  OPLAN  OERATATIONAL  PLAN 

NOTE  WSORF  WEAPON  SYSTEM  OR  FACTOR 

NOTE 

A OPLAN. K=TABHL(OPLANTiTIHE.K»0>240iZ0I 

T QPLANM/1/1/1/1/1.2/1/1/1/.9/1 
NOTE 

NOTE  OPLAN  OPERATING  PLAN 

NOTE 

NOTE 

T WSORFT = 1 / 1 / . 85/ . 75/ . 68/ . 42 

A WSORF. K=TAEHL (WSORFT , WSORP . K , 0 , 50 . 10 1 
NOTE 

NOTE  WSORF  WEAPON  SYSTEM  OR  FACTOR 

NOTE  WSORP  WEAPON  SYSTEM  OR  PERCENT 

NOTE 

A MTBF.K=NTBFC*TE4D.K»H7BFH,K 

C HTBFC=4 

NOTE 

NOTE  MTBF  MEAN  TIME  BETWEEN  FAILURE 

NOTE  MTBFC  MTBF  INITIAL  CONSTANT 

NOTE  TE4D  TECHNICAL  EFFECTIVENESS  DESIGNED (SMOOTHED) 

NOTE  MTBFM  MTBF  AGE  MULTIPLIER 

NOTE 

A TE*D.K=SM00TH(TE4.Kr 18) 

NOTE  TE4D  TECHNICAL  EFFECTIVENESS  DESIGNED  (SMOOTHED! 

NOTE  TEA  TECHNICAL  EFFECTIVENESS  DESIGNED  • 

NOTE 

A MTBFM.K-TABHL (MTSFMT » WSAA . K . 5000 , 1 5009  . 2000 ) 

T MTBFNT=1/1. 05/1. 13/1. 25/1. 4/1. 9 
NOTE 

NOTE  MTBFM  MTBF  ACE  MULTIPLIER 


OP-  14 


OP-  15 
OP-  IS 


OP-  17 


OP-  18 
OP-  19 


OP-  20 
OP-  21 


OP-  22 
OP-  23 


OP-  24 


OP-  25 
OP-  26 


288 


OP-  27 
OP-  28 
OP-  29 


NOTE  AWSA  ACCUMULATED  WEAPON  SYSTEM  ACE 
NOTE 

L AWSA . K= AWSA . J+DT-*  ( USAR . JK-USARR . JKI 

N AUSA= AWSAC 

C AWSAC = I 


NOTE 

NOTE  AWSA  ACCUMULATED  WEAPON  SYSTEM  ACE 

NOTE  USAR  WEAPON  SYSTEM  ACE  RATE 

NOTE  WSARR  WEAPON  SYSTEM  ACE  RESTORATION  AND  RETIREMENT  RATE 

NOTE 

R USAR.XL=USE.X 

OP-  Si 

NOTE 

NOTE  WSAR  WEAPON  SYSTEM  AGING  RATE 

NOTE  USE  USE 

NOTE 

R WSARR . KL= ( MODE . K» AWSA .«)+( USAA . K’WSRR . JX ) 

OP-  31 

NOTE 

NOTE  WSARR  WEAPON  SYSTEM  ACE  RESTORATION  AND  RETIREMENT  RATE 

NOTE  MODE  MODICATION  FACTOR 

NOTE  AWSA  ACCUMULATED  WEAPON  SYSTEM  ACE 

NOTE  WSAA  WEAPON  SYSTEM  AVERAGE  ACE 

NOTE  USRR  WEAPON  SYSTEM  RETIREMENT  RATE 

NOTE 

A WSAA.  X--  AWSA.  X/ (USO.K+WSN.X) 

UP-  32 

NOTE 

NOTE  USAA  WEAPON  SYSTEM  AVERACE  ACE 

NOTE  WSO  WEAPON  SYSTEMS  OPERATIONAL 

NOTE  WSN  WEAPON  SYSTEM  NOT  OPERATIONAL 

NOTE 

R WSRR .XL=MIN(1 ,WS0.K*< ATTR+WSRF . X ) ) 

OP-  33 

C ATTR*.M16 

OP-  34 

NOTE 

NOTE  WSRR  WEAPON  SYSTEM  RETIREMENT  RATE 

NOTE 

A USRF.X--TABHL(U$RFT»USAA.Xt25i0.1i3#it250*>*TH.X 

OP-  35 

T WSRFT=i/. 33/. 66/1.0 

OP-  36 

NOTE 

NOTE  WSRF  WEAPON  SYSTEMS  RETIREMENT  FRACTION 

NOTE  USAA  WEAPON  SYSTEM  AVERACE  ACE 

NOTE  TM  TIME  MULTIPLIER 
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NOTE 

NOTE  RESOURCES  SECTOR 

NOTE 

NOTE 

L TOTRES.K-TOTRE3.J  + DT» (DISCOV. JK-TRUSE.JK)  RS-  1 

N TOTRES=TOTRSC  RS-  2 

c totrsc=:m  RS-  3 

NOTE 

NOTE  TOTRES  TOTAL  RESOURCES 

NOTE  DISCOV  DISCOVERT  RATE 

NOTE  TRUSE  TOTAL  RESOURCE  USE 

NOTE 

R DISCOV. KL=DISCOF.K»T3TRE$.K  RS-  4 

NOTE 

NOTE  DISCOV  DISCOVERT  RATE 

NOTE  DISCOF  DISCOVERT  FRACTION 

NOTE  TOTRES  TOTAL  RESOURCES 

NOTE 


A DISCOF. K=TABHL (DISCOT, SEARCH. RS-  5 
T DISC0T*J/.i2/.#6/.f8/.89/.l  RS-  4 

NOTE 

NOTE  DISCOF  DISCOVERT  FRACTION 

NOTE  SEARCH  SEARCH  FOR  RESOURCES  (SMOOTHED I 

NOTE 

A SEARCH.  K=S«QQTH‘SEARC.'<.3»1  RS-  7 

A SEARC . K *TABHL < SEARCT  ? TOTRES . K mM  M 1 21 ) RS-  8 

T SEARCT =l/.9/.8/.55/.3/.15  RS-  9 

NOTE 


NOTE  SEARCH  SEARCH  FOR  RESOURCES  (SNQOTHED) 

NOTE  SEARC  SEARCH  FOR  RESOURCES 

NOTE  TOTRES  TOTAL  RESOURCES 

NOlE 

R TRUSE. KL=GROWTH.K*TOTRES.K  RS-  18 

NOTE 

NOTE  TRUSE  TOTAL  RESOURCES  USE 

NOTE  GROWTH  GROWTH  FACTOR 

NOTE  TOTRES  TOTAL  RESOURCES 

NOTE 


A CROWTH . K*  TABHL  f CROWTT » TOTRES . K » 1 1 1 8#  ? 1 i ) / 1 2 RS-  11 

T CROUTT=-5l/-3l/-15/-5/i/.M7/.»19/.l25/.lJ3/.»3  RS-  12 

NOTE 

NOTE  GROWTH  GROWTH  FACTOR 

NOTE  TOTRES  TOTAL  RESOURCES 

NOTE 

L USRES.K*USRES.J  ♦ DT*(RAUS. JK-RDNDUS. JK)  RS-  13 

N USRES=USRESC  RS-  14 

C USRESC=33  RS-  15 

NOTE 

NOTE  JSRES  US  RESOURCES 
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NOTE  RAUS  RESOURCES  ALLOCATION  FOR  THE  'JS 

NOTE  RDHDUS  RESOURCE  DEMAND  IN  US 

NOTE 

R RAUS . KL = D I SCO V . UK*ALLOCF  RS-  IS 

C ALLOCF= .33  RS-  17 

NOTE 

NOTE  RAUS  RESOURCES  ALLOCATION  FOR  THE  US 

NOTE  DISCOV  DISCOVERT  FRACTION 

NOTE  TRUSE  TOTAL  RESOURCE  USE 

NOTE  ALLOCF  ALLOCATION  FRACTION 

NOTE 

R RDHDUS. KL* (GROWTH . K- (EFFF . K/ 1 30) ) *USRES . K RS-  18 

NOTE 

NOTE  RDHDUS  RESOURCE  DEHAND  IN  THE  US 
NOTE  GROWTH  GROWTH  FACTOR 

NOTE  USRES  US  RESOURCES 

NOTE  EFFF  EFFICIENCY  FACTOR 

NOTE 

A EFFF .K=DTC  .K+TECHIF . K RS-  19 

NOTE 

NOTE  EFFF  EFFICIENCY  FACTOR 

NOTE  DTC  DESIRE  TO  CONSERVE 

NOTE  TECHIF  TECHNICAL  IHPROVEHENT  FACTOR 

NOTE 


A USRESS . K = SMOOTH ( USRES . K » 1 § ) RS-  20 

NOTE 

NOTE  USRESS  US  RESOURCES  (SMOOTHED) 

NOTE  USRES  US  RESOURCES 

NOTE 

A DTC . K=T ABHL ( DTCT » USRESS . K r 0 , 35 . 5 ) RS-  21 

T DTCT=-2./-.75/-.15/.4/.7/.9/l./l,0  RS-  22 

NOTE 

NOTE  DTC  DESIRE  TO  CONSERVE 

NOTE  USRESS  US  RESOURCES  (SMOOTHED I 

NOTE 

A TECH  I F . K=T  ABHL  ( TECH  I T t TECHCR . K 1 0 1 , 2 » . 04 ) RS-  23 

T TECHIM/.5/.25/.15/.07/.04  RS-  24 

NOTE 

NOTE  TECHIF  TECHNICAL  IHPROVEHENT  FACTOR 
NOTE  TECHCR  TECHNOLOGY  CHANGE  RATE 

NOTE 

A RPFT .K=TABHL (RPFFT iUSRESS.KrJ»100t  10)  RS-  25 

T RPFTM./.8/.7/.4/.5/.45/.4/.37/.35  RS-  24 

NOTE 

NOTE  RPFT  RESOURCES  PRESSURE  FOR  TECHNOLOGY 

NOTE  USRESS  US  RESOURCES  (SMOOTHED) 

NOTE 

A RADPP.K=TABHL(RADPPTtTOTRES.K»0i 1001 10)  RS-  27 

T RADPPT=0/.l/.25/.4/.35/,32/.3/.28/.27/.24/,25  RS-  28 
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RADPP  RESOURCES  AVAILABLE  I FOR  DEFENSE  PRODUCTION 
TOTRES  TOTAL  RESOURCES 


A RAADP . K=TOTRES.  K*RADPP . K*AALLOC  RS- 

C AALL0C=.35  RS- 

NOTE 

NOTE  RAADP  RESOURCES  AVAILABLE  FOR  ALLIED  DEFENSE  PRODUCTION 
NOTE  TOTRES  TOTAL  RESOURCES 

NOTE  RADPP  RESOURCES  AVAILABLE  l FOR  DEFENSE  PRODUCTION 

NOTE  AALLOC  ALLIED  ALLOCATION  PERCENT 

NOTE 

A RAEDP. K=TOTRE$ . K*RADPP . K*EALLOC  RS- 

C EALLOC= .32  RS- 

NOTE 

NOTE  RAEDP  RESOURCES  AVAILABLE  FOR  ENEMT  DEFENSE  PRODUCTION 

NOTE  TOTRES  TOTAL  RESOURCES 

NOTE  RADPP  RESOURCES  AVAILABLE  i FOR  DEFENSE  PRODUCTION 

NOTE  EALLOC  ENEMY  ALLOCATION 

NOTE 

A RAUSDP . K=USRES . X»RPUSDP . K RS- 

NOTE  RAUSDP  RESOURCES  AVAILABLE  FOR  US  DEFENSE  PRODUCTION 

NOTE  USRES  US  RESOURCES 

NOTE  RPUSDP  RESOURCES  I FOR  US  DEFENSE  PRODUCTION 

NOTE 

A RPUSDP . K = T ABHL  ( RPUS  DT  r USRES.  K»«,35f5)  RS- 

T RPUSDT =0/ . 2/ . 4/ . 3/ . 28/ . 27 / . 26/ . 25  RS- 

NOTE  RPUSDP  RESOURCES  I FOR  US  DEFENSE  PRODUCTION 

NOTE  USRES  US  RESOURCES 

NOTE 


RAEDP  RESOURCES  AVAILABLE  FOR  ENEMT  DEFENSE  PRODUCTION 
TOTRES  TOTAL  RESOURCES 

RADPP  RESOURCES  AVAILABLE  1 FOR  DEFENSE  PRODUCTION 
EALLOC  ENEMY  ALLOCATION 


RS-  34 
RS-  35 
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NOTE  TECHNOLOGT  SECTOR 

NOTE 

L TECH.K=TECH. J + DT*(TIR,JK-TLR.<JK) 

N TECH=TECHC 
C TECHC-1M 

NOTE  TECH  TECHNOLOGY  AVAILABLE 

NOTE  TIR  TECHNOLOCT  INPUT  RATE 

NOTE  TLR  TECHNOLOGT  LOSS  RATE 

NOTE 

R TIR. KL=TECH.K* ( GROWTH .K+TDFS . K) 

NOTE 

NOTE  TIR  TECHNOLOGT  INPUT  RATE 

NOTE  GROWTH  GROWTH  FACTOR 

NOTE  TDFS  TECHNOLOGT  DISCOVERT  FRACTION  I SMOOTHED) 

NOTE 

A TDFS . K=SNOOTH ( TDF . K i TDFD ) 

C TDFD=4 
NOTE 

NOTE  TDFS  TECHNOLOGT  DISCOVERT  FRACTION  SMOOTHED 

NOTE  TDF  TECHNOLOGT  DISCOVERT  FRACTION 

NOTE  TDFD  TECHNOLOCT  DISCOVERT  FRACTION  DELAT 

NOTE 

A TDF.K-TABHL(SNT.K>0t 1>. 21/12 
T TDFT=.01/.03/.07/.l/.12/.t3 
NOTE 

NOTE  TDF  TECHNOLOCT  DISCOVERT  FRACTION 

NOTE 

A SNT.K=TABHL<SNTT,TSP.Kr0t.l5..83> 

T SNTT=.l/.15/.32/.52/.3/1.0 
NOTE 

NOTE  SNT  SEARCH  FOR  NEW  TECHNOLOGT 

NOTE 

A TSP,K=TP.K+OP.K 
NOTE 

NOTE  TSP  TOTAL  SEARCH  PRESSURE 

NOTE  TP  TECHNOLOCT  PRESSURE 

NOTE  OP  OTHER  PRESSURE 

NOTE 

A TP.K=TABHL(TPTiTECH.Ki0t 100 r 10) 

NOTE 

NOTE  TP  TECHNOLOCT  PRESSURE 

NOTE  TECH  TECHNOLOGT  AVAILABLE 

NOTE 

T TPM/1/. 9/. 5/. 27/. 1 
A QP.K--SUHV(RBOC.K)/ECQN*RPFT.K 
C ECON-1000 
NOTE 

NOTE  OP  OTHER  PRESSURE 

NOTE  RDOC  RESEARCH  DOLLARS  ON  CONTRACT 


TC-  1 
TC-  2 
TC-  3 


TC-  4 


TC-  5 
TC-  b 


TC-  7 
TC-  8 


TC-  9 
TC-  10 


TC-  11 


TC-  12 


TC-  13 
TC-  14 
TC-  15 


* 
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NOTE  ECON  ECONOMIC  BASELINE 

NOTE  RPFT  RESOURCES  PRESSURE  FOR  TECHNOLOGY 

NOTE  TSP  TOTAL  SEARCH  PRESSURE 

NOTE 

R TLR.KLsTECH.K*TLF.K 
R TLF.K=$MOOTH (GROWTH. KiTLFD) 

C TLFD=S0 
NOTE 

NOTE  TECHCR  TECHNOLOGY  CHANGE  RATE 

NOTE  TIR  TECHNOLOGY  INPUT  RATE 

NOTE  TLF  TECHNICAL  LOSS  FACTOR 
NOTE  TLR  TECHNOLOGY  LOSS  RATE 

NOTE  TECH  TECHNOLOGY  AVAILABLE 

NOTE 

A TCF.K=TABHL(TCFTi TECHCR. K. 3. .2, .32) 

T TCFT=2. 3/1.95/1. 85/1. 7/1. 45/1. 3/. 67/. 5/. 35/. 3/. 25 

A TECHCR. K= (TIR. JK-TLR.JK) /TECH. K 

NOTE 

NOTE  TCF  TECHNICAL  COMPLEXITY  FACTOR 

NOTE  TECHCR  TECHNOLOGY  CHANCE  RATE 

NOTE 


NOTE  PRODUCTION  SECTOR 

NOTE 

NOTE 

NOTE  ACTUAL  PRODUCTION  SECTION 

NOTE 

NOTE 

L W3P . K=USP . J+DT* (WSPIR. JK-WSFR . JK) 
N WSP=WSPC 
C WSPC=« 


NOTE 

NOTE 

WSP 

WEAPON  SYSTEM  PRODUCTION 

NOTE 

WSPIR 

WEAPON  SYSTEM  PRODUCTION  INPUT  RATE 

NOTE 

NOTE 

WSPR 

WEAPON  SYSTEM  PRODUCTION  RATE 

R WSPIR.KL=MIN(PGM4.KiRCWS.K) 

NOTE 

NOTE 

WSPIR 

WEAPON  SYSTEM  PRODUCTION  INPUT  RATE 

NOTE 

PGM4 

PROGRAM 

NOTE 

NOTE 

RCWS 

RESOURCE  CONSTRAINED  WEAPON  SYSTEMS 

A PCH4 . K= T ABLE ! PGfl 1 T » SCHEDP . K » » » 1 » . »833  J*WSD4-K+DCP4.K*t2/ 

l (TSMS3.K+TTPCC.K) 

A SCHEDP . K=TSMS3 , K / ( TSMS3 . K+TTPCC . K ) 

NOTE 

NOTE  PCM  PROGRAM 

NOTE  SCHEDP  SCHEDULED  PRODUCTION 

NOTE  WSD4  WEAPON  SYSTEM  DEVELOPMENT  DECISION 

NOTE  TSMS3  TINE  SINCE  MILESTONE  3 

NOTE  TTPCC  TINE  TIL  PRODUCTION  CONTRACT  COMPLETE 

NOTE 

A RCWS . K=RAUSDP . K*WSRCF 

C WSRCF= . t 

NOTE 

NOTE  RCWS  RESOURCE  CONSTRAINED  WEAPON  SYSTEMS 

NOTE  RAUSDP  RESOURCES  AVAILABLE  FOR  DEFENSE  PRODUCTION 
NOTE  WSRCF  WEAPON  SYSTEM  TO  RESOURCES  CONVERSION  FACTOR 

NOTE 

R WSPR . XL =DELA Y 3 ( WSP I R . JK  r PRODT . K ) 

NOTE 

NOTE  WSPR  WEAPON  SYSTEM  PRODUCTION  RATE 

NOTE  WSPIR  WEAPON  SYSTEM  PRODUCTION  INPUT  RATE 

NOTE  PRODT  PRODUCTION  TIME 

NOTE 

A PRODT.  K--APRODT+PROOTA.K 

C APRODT =24 

NOTE 

NOTE  PRODT  PRODUCTION  TIME 

NOTE  APRODT  AVERAGE  PRODUCTION  TIME 

NOTE  PRODTA  PRODUCTION  TIME  ADJUSTOR 


PR-  1 
PR-  2 
PR-  3 


PR-  4 


PR-  5 
PR-  A 


PR-  7 
PR-  -8 


PR-  9 


PR-  19 
PR-  11 


4 
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NOTE 

A LCF . K=TA8HL (LCFT  . TWSP . K . 0 . 500 . 40)  PR-  12 

T LCFTM/1. 15/1. 35/1. 57/1. 49/!.  78/1. 87/1. 96/2. 32/2. 11/2.  20/  PR-  13 
NOTE 

NOTE  LCF  LEARNING  CURVE  FACTOR 

NOTE  TUSP  TOTAL  WEAPON  STSTEfl  PRODUCED 


NOTE 

L TWSP . K = TUSP . J+DT* ( WSPR . JK-LCRR . JK I PR-  14 
R LCRR . KL=TX* . K*TUSP .K  PR-  15 
N TWSPMWSPC  PR-  14 
C TW$PC=0  PR-  17 
NOTE 


NOTE  TWSP  TOTAL  WEAPON  SYSTEM  PRODUCED 

NOTE  WSPR  WEAPON  SYSTEM  PRODUCTION  RATE 

NOTE  LCRR  LEARNING  CURVE  RELEASE  RATE 

NOTE 
NOTE 


N 

PRODT-24 

PR- 

18 

A 

PRODTA. K=TTE.K+ME4*CPTS.X-LCF.K 

PR- 

19 

C 

HE4M 

PR- 

20 

A 

TTE.KME4.KMCF.K 

PR- 

21 

A 

TE4.K=PASTP3.X/PSTPP3.N 

PR- 

22 

NOTE 

NOTE  PRODTA  PRODUCTION  TINE  ADJUSTOR 

NOTE  LCF  LEARNING  CURVE  FACTOR 

NOTE  TTE  TOTAL  TECHNICAL  EFFECTIVENESS 

NOTE  HE 4 MANAGEMENT  EFFECTIVENESS  CONSTANT 

NOTE  TE4  TECHNICAL  EFFECTIVENESS 

NOTE  PASTP3  PAST  PROGRESS 

NOTE  PSTPP  PLANNED  PAST  PROGRESS  TRANSFER  RATE 


A CPTS.K=$NOOTH(CPT.K.CPTDI 

PR- 

23 

C CPTDM 

PR- 

24 

A CPT . <=PRODT .X-PRODTD . K 

PR- 

25 

NOTE 

NOTE  CPTS 

CHANCE  IN  PRODUCTION  TIME (SMOOTHED) 

NOTE  CPT 

CHANGE  IN  PRODUCTION  TINE 

NOTE  PRODT 

PRODUCTION  TINE 

NOTE  CPTD 

CHANCE  IN  PRODUCTION  DELAT 

NOTE  DCAPR4  DESIRED  CHANCE  IN  ACTUAL  PRODUCTION  RATE 

NOTE  APR4  ACTUAL  PRODUCTION  RATE 

NOTE  PRODTD  PRODUCTION  TINE  DESIRED 

NOTE 

NOTE  MARGINAL  AN'1. ISIS  TO  DETERHINE  DESIRED  PRODUCTION  TINE. 

NOTE  DESIRED  TINE  LATE.  AND  DESIRED  COST  FACTOR 
NOTE 

FOR  PM.  10 

A RW$P.K=NWSP.K-TWSP.K  PR-  24 

NOTE 

NOTE  RWSP  REHAINING  WEAPON  SYSTEMS  TO  PRODUCE 
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NOTE  NWSP  DUMBER  OF  WEAPON  SYSTEMS  TO  PRODUCE 

NOTE 

A WSPRR.K(P) =R«SP.K/RTTPCC. K(P)  PR-  27 

NOTE 

NOTE  WSPRR  WEAPON  SYSTEM  PRODUCTION  RATE  REQUIRED 
NOTE  RWSP  REMAINING  WEAPON  SYSTEMS  TO  PRODUCE 

NOTE  TTPCC  TINE  TIL  PRODUCTION  CONTRACT  COMPLETE 

NOTF  WSPRR  WEAPON  STSTEM  PRODUCTION  RATE  REQUIRED 

NOTE 

A RTTPCC.K(P) =TTPCC.K+T (P)  PR-  28 

NOTE 

NOTE  RTTPCC  REVISED  TIME  TIL  PRODUCTION  CONTRACT  COMPLETE 
NOTE  TTPCC  TIME  TIL  PRODUCTION  CONTRACT  COMPLETE 

NOTE  T TIME  LATE 

NOTE 

A CFA.X(P) =TABHL (CFT4i WSPRR. K(P) t ,Si2i .2)  PR-  29 

NOTE 

NOTE  CF4  COST  FACTOR 

NOTE  WSPRR  WEAPON  STSTEM  PRODUCTION  RATE  REQUIRED 
NOTE 

A CP4.KIP) =CF4,X(P)*RTTPCC.K(P)  PR-  30 

NOTE 

NOTE  CP*  COST  PENALTY 

NOTE  OF*  COST  FACTOR 

NOTE  RTTPCC  REVISED  TIME  TIL  PRODUCTION  CONTRACT  COMPLETE 
NOTE 

A SF4.K<P)*TABHL(SFT4iT(PPI,M0,l)  PR-  31 

NOTE 

NOTE  SF4  SCHEDULE  FACTOR 

NOTE  T TIME  LATE 

NOTE 

A SP4.KIP) -SF4.K(P)*T (P)  PR-  32 

NOTE 

NOTE  SP4  SCHEDULE  PENALTY 

NOTE  SF4  SCHEDULE  FACTOR 

NOTE  T TIME  LATE 

NOTE 

A TC4,KlP)s(CWF*CP4.K(P)t+(SWF*SP4.K(P) ) PR-  33 

NOTE 

NOTE  TC4  TOTAL  COST 

NOTE  CWF  COST  WEIGHT  FACTOR 

NOTE  CPA  COST  PENALTY 

NOTE  SWF  SCHEDULE  WEIGHT  FACTOR 

MOTE  SP4  SCHEDULE  PENALTY 

NOTE 

A DATA4 . K=DPR1 ( DCF* . K » 0TL4 . K » TC  * . K » WSPRR . K . CP4 . K f SP4 . K I PR-  34 

NOTE  DPR1  IS  A FORTRAN  FUNCTION  TO  FIND  THE  DESIRED 

NOTE  TIME  '.ATE  (DTD  AND  DESIRED  COST  FACTOR  I DCF) 

NOTE 
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PR-  35 


A PRQOTD.KsWSP.K/DWSPR.K 
NOTE 

ROTE  PRODTD  PRODUCTION  TIRE  DESIRED 

NOTE  ySP  WEAPON  SYSTEM  PRODUCTION 

NOTE  DWSPR  DESIRED  WEAPON  SYSTEM  PRODUCTION  RATE 

NOTE 

L WSIT.K=WSIT.J+DT»(WSPR.JK-WSDR.JK) 

N USIT=WS I TC 
C WSITC=0 

R USDR. KL-DELAY3 (USPR . JK . Z) 


• 

NOTE 

NOTE 

NS  IT 

WEAPON  SYSTEMS  IN  TRANSIT 

NOTE 

WSPR 

WEAPON  SYSTEM  PRODUCTION  RATE 

NOTE 

NOTE 

WSDR 

WEAPON  SYSTEMS  DELIVERY  RATE 

L PP4.K-PR4. J+DT*(PPGM4. JK-PPTX4. JK) 

N PP4=PP4C 
C PPIC=« 

NOTE 

NOTE  PP4  PLANNED  PRODUCTION 

NOTE  PPR4  PLANNED  PRODUCTION  RATE 

NOTE  PPTX4  PLANNED  PRODUCTION  TRANSFER  RATE 

NOTE 

R PPGN4.KL=TABL£(PCNlTtPSCHD4.KiWtl»  .t>o3)*WSD4.KM2/TIP.i< 
X H00/NWSP.K 
A PSCHD4 . X=TSMS3 . K/TI P . K 
NOTE 

A PSE4,rt=$WF4TABHL<P$ET.ELFA.K>3'h.2!*FLFM*CWF 

NOTE  PSE4  PRESSURE  POR  SCHEDULE  EXTENSION 

NOTE  ELF*  ESTIMATED  LATE  FACTOR 

NOTE  FLF  FUNDS  LIMIT  FACTOR 

NOTE  SWF  SCHEDULE  WEIGHTING  FACTOR 

NOTE  CWF  COST  WEIGHTING  FACTOR 

A ELF4 . K=DTL4 .K/TTPCC . X 

NOTE  ELF  ESTIMATED  LATE  PACTOR 

NOTE  DTLA  DESIRED  TINE  LATE 

NOTE  TTPCC  TINE  TIL  PRODUCTION  CONTRACT  COMPLETE 

A SEA4,K=CRPA4 . K *PSE4 . K/USORCF . K 

A SCD*.K=CLIP(SEA4.K>0*SEA4.X) .5) 

NOTE 

NOTE  PSE4  PRESSURE  FOR  SCHEDULE  EXTENSION 

NOTE  CRPA  COST  REPORTED  PLANNED  TO  ACTUAL 

NOTE  USIJRCF  US  URGENCY  FACTOR 

NOTE  3CD4  SCHEDULE  EXTENSION  DECISION 

NOTE  SEA4  SCHEDULE  EXTENSION  ADJUSTOR 

NOTE 

A SCDN4 , K=CL1P ( 1 1 3CD4 . K i SCD4 . X » 1 ) 

A SCHC . <=SCDH4 . K+DTL* . X 

A CROC. K=CLIP(SCHC.KiFC.K, SCHC. KtFC.K) 


PR-  36 
PR-  37 
PR-  38 
PR-  39 


PR-  40 
PR-  41 
PR-  42 


PR-  43 
PR-  44 
PR-  45 


PR-  16 


PR-  47 
PR-  18 


PR-  49 
PR-  5i 
PR-  51 
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NOTE 


NOTE 

SCD4 

SCHEDULE  EXTENSION  DECISION 

NOTE 

DTL4 

DESIRED  TINE  LATE 

NOTE 

A FC . K=HflX (0 » TTPCC . K/FLF4 . K-TTPCC .K) 

PR-  52 

NOTE 

L CR4 . K-CR4 . J+DT* (CRR4. JK-CRTR4 . JK> 

PR-  53 

N CR4=CR4C 

PR-  54 

C CR4C=# 

PR-  55 

NOTE 

NOTE 

CR4 

COST  REPORTED 

NOTE 

CRR4 

COST  REPORTING  RATE 

NOTE 

CRTR4 

COST  REPORTING  TRANSFER  RATE 

NOTE 

R CRR4.Kl=CE4*DCFS4.K*PPGH4.  JKM.CF.K 

PR-  56 

C CE4= 
NOTE 

1 

PR-  57 

NOTE 

CRR4 

COST  REPORTED  RATE 

NOTE 

CE4 

COST  ESTIMATING  ERROR 

NOTE 

PPGN4 

PLANNED  PROGRAM 

NOTE 

DCFS* 

DESIRED  COST  FACTOR  (SMOOTHED) 

NOTE 

NOTE 

PR-  58 

A 0CFS4.K=SN00TH(DCF4.NfDCF4D) 

PR-  59 

NOTE 

NOTE 

DCFS4 

DESIRED  COST  FACTOR  (SMOOTHED) 

NOTE 

DCF4 

DESIRED  COST  FACTOR 

NOTE 

DCF4D 

DESIRED  COST  FACTOR  DELAY 

NOTE 

L PC4 . K=PC4 . J+DT* (PCR4. JK-PCTR4 . JK) 

PR-  60 

NOTE 

NOTE 

PC4 

PLANNED  COSTS 

NOTE 

PCR4 

PLANNED  COST  RATE 

NOTE 

PCTR4 

PLANNED  COST  TRANSFER  RATE 

NOTE 

R PCR4.KL=PCM.K/PTCR+CPC4.K 

PR-  61 

NOTE 

NOTE 

PCR4 

PLANNED  COST  RATE 

NOTE 

PGH4 

FROCRAM 

NOTE 

PTCR 

PRODUCTION  TO  COST  RATIO 

NOTE 

A TPC4 , K=NHSP , K/PTCR+CPC4 . K 

PR-  62 

NOTE 

NOTE 

TPC4 

TOTAL  PLANNED  COST 

NOTE 

TPG* 

TOTAL  PRODUCTION  COAL 

NOTE 

PTCR 

PRODUCTION  TO  COST  RATIO 

NOTE 

CPC  4 

CHANCE  IN  PLANNED  COST 

NOTE 

NOTE 
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4 FlF*.K*TABHL(FLFT»TUC4.K»#»l«rt)  PR-  63 

NOTE  FLF4  FUNDS  UNIT  FACTOR 

NOTE  TUC4  TINE  WEIGHTED  COST 

A TUC4.K-TTPCC . K*CRPA4 .X  PR-  6* 

NOTE  TUC4  TINE  WEIGHTED  COST 

NOTE  TTPCC  TINE  TIL  PRODUCTION  CONTRACT  CONPLETE 

NOTE  CRPA*  COST  RATIO.  PLANNED  TO  ACTUAL 

A P IF4 . K=TABHL (PIFT .FLF4.K.0. 1 ,4. .2)  PR-  65 

NOTE  PIF4  PRESSURE  FOR  INCREASED  FUNDS 

NOTE  FLF4  FUNDS  LIMIT  FACTOR 

A ITAF 4 .X*FA4 . K*PIF4 . K*PRAP4 . K*USURCF . K+MAI MPF  PR-  66 

NOTE  ITAF 4 INCLINATION  TO  APPROVE  FUNDS 

NOTE  FA4  FUNDS  AVAILIABILITT 

NOTE  PIF4  PRESSURE  FOR  INCREASED  FUNDS 

NOTE  PRAP  PROCRESS  RATIO. ACTUAL  TO  PLANNED 

NOTE  USURGF  US  URGENCT  FACTOR 

NOTE  MAIMPF  MISSION  AREA  IMPORTANCE  FACTOR 

A FID4.K:TABHL(FIDTiITAF4.Ki .8.2,3. .2)  PR-  67 

NOTE  FID4  FUNDS  INCREASE  DECISION 

NOTE  ITAF4  INCLINATION  TO  APPROVE  FUNDS 

A „-l4,K=FID4.K»ECC4.K  PR-  68 

NOTE  CPC4  CHANGE  IN  PLANNED  COST 

NOTE  FID4  FUNDS  INCREASE  DECISION 

NOTE  ECC4  ESTIMATED  CHANCE  IN  COST 

A ECC4.K=CLIP(ICR4.Ki#,ICR4.K,8)*(TSMS3.KvTTPCC.K) /PTCR  PR-  69 

NOTE  ECC4  ESTIMATED  CHANCE  IN  COST 

NOTE  CRPA4  COST  RATIO.  PLANNED  TO  ACTUAL 

NOTE  TSMS0  TIME  SINCE  MILESTONE  0 

NOTE  TTPCC  TIME  TIL  PRODUCTION  CONTRACT  COMPLETE 

NOTE  PTCR  PROGRESS  TO  COST  RATIO 

A ICR4.K=1-1 /CRPA4 . K PR-  70 

A FA4.K=TAEHL(FATiFAF4,K.3t .4. .05)  PR-  71 


NOTE 

NOTE 

FA4 

FUNDS  AVAILABILITY 

NOTE 

FAF4 

FUNDS  AVAILABILITY  FACTOR 

A FAF4.K=ECC4.K/IDA.K(2) 

NOTE 

FAF 

FUNDS  AVAILABILITY  FACTOR 

NOTE 

ECC4 

ESTIMATED  CHANCE  IN  COST 

NOTE 

RDA (2) 

RESEARCH  DOLLARS  APPROPRIATED 
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NOTE  ALLIED  SECTOR  ********** 

NOTE 

FOR  IAA=1 > 120 

N APLAN(IAA)=f  AL-  1 

NOTE  APLAN  ALLIED  PLANNED  PRODUCTION 

N FMSAIIAAI-0  AL-  2 

NOTE  FNSA  FOREIGN  MILITARY  SALES  ACREENENTS 

NOTE 

N AWSP=#  AL-  3 

L AWSP . K=AWSP . J+ ( DT) ( AWSPR . JK- AUSDR . JK ) AL-  4 

R AWSPR . KL = FSH I FT ( APL AN . K ) AL-  5 

A ADELR.K=24/AURGF.K  AL-  4 

R AWSDR. KL=DELAY3 (AWSPR. JK  »ADELR. K)  AL-  7 

NOTE 


NOTE  AWSP  ALLIED  WEAPON  SYSTEMS  IN  PRODUCTION 

NOTE  AWSPR  ALLIED  WEAPON  SYSTEMS  PRODUCTION  RATE 

NOTE  AWSDR  ALLIED  WEAPON  SYSTEMS  DELIVERY  RATE 

NOTE  APLAN  ALLIED  PLANNED  PRODUCTION 

NOTE  ADELR  ALLIED  DELAY  RATE  IN  PRODUCTION 

NOTE  AURGF  ALLIED  URGENCY  FACTOR 

NOTE 

L AWSO . K=AWSO . J+DT* ( AWSDR . JK+AWSMR . JK- A*SUR , JK+4FMSDR . JK ) AL-  8 

N AUS0=5  AL-  9 

NOTE 

NOTE  AWSO  ALLIED  WEAPON  SYSTEMS  OPERATIONAL 

NOTE  AWSDR  ALLIED  WEAPON  SYSTEMS  DELIVERY  RATE 

NOTE  AWSMR  ALLIED  WEAPON  SYSTEMS  MAINTENANCE  RATE 

NOTE  AWSUR  ALLIED  WEAPON  SYSTEMS  USE  RATE 

NOTE  AFMSDR  ALLIED  FOREIGN  MILITARY  SALES  DELIVERY  RATE 


NOTE 

N AWSN=1  AL-  10 
L AWSN  .K=AWSN . J+  (DT)  ( AWSUR . JK-AWSMR  ..JK-AWSRR . JK  I AL-  11 
R AWSMR. KL=AWSN.K»AMPCT  AL-  12 
R AWSUR . KL=AWSO . K*AUPCT  AL-  13 
R AWSRR.KL=ARETC*AWSN.K  AL-  14 
NOTE 


NOTE  AWSN  ALLIED  WEAPON  SYSTEMS  NON-OPERATIONAL 

NOTE  AWSUR  ALLIED  WEAPON  SYSTEMS  USE  RATE 

NOTE  AWSMR  ALLIED  WEAPON  SYSTEMS  MAINTENANCE  RATE 
NOTE  AWSRR  ALLIED  WEAPON  SYSTEMS  RETIREMENT  RATE 

NOTE  AMPCT  ALLIED  PERCENTAGE  OF  WEAPONS  REPAIRED 

NOTE  AUPCT  ALLIED  PERCENTAGE  OF  WEAPONS  USED 

NOTE  ARETC  ALLIED  RETIREMENT  CONSTANT 


NOTE 

N WSFAI=0  AL-  15 
L WSFAI.X=WSFAI.J+DT»;ATJR.JK-AFMSDR.JK)  AL-  14 
R AFMSDR. KL=DELAY3(ATJR.JKi24)  AL-  17 
R ATXR.KL=FHSIFT (FMSA.K)  AL-  18 
NOTE 
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NOTE 

USFAI 

WEAPON  SYSTEMS  FOR  ALLIED  INVENTORIES 

NOTE 

ATKR 

ALLIED  TRANSFER  RATE 

NOTE 

AFNSDR 

ALLIED  FOREIGN  NIL!?ART  SALES  DELIVERY  RATE 

NOTE 

FNSA 

FOREIGN  MILITARY  SALES  AGREEMENTS 

NOTE 

C 

AMPCT=.85 

AL- 

19 

NOTE 

ANPCT 

ALLIED  PERCENTAGE  OF  WEAPONS  REPAIRED 

C 1 

AUPCT=.20 

AL- 

20 

NOTE 

AUPCT 

ALLIED  PERCENTAGE  OF  WEAPONS  USED 

C i 

ARETCS.002 

AL- 

21 

NOTE 

ARETC 

ALLIED  RETIREMENT  CONSTANT 

C i 

ADESWFM.0 

AL- 

22 

NOTE 

AUESUF 

ALLIED  DESIRE  FOR  WEAPON  SYSTEMS 

C i 

ACPUS=75 

AL- 

23 

NOTE 

ACPUS 

ALLIED  CAPABILITY  PER  WEAPON  SYSTEM 

NOTE 

A 1 

ADEF. K (HO) = 

HAX (ADIF.K (MO) >0)*ADPCT.K 

AL- 

20 

A 1 

ADIF.K(HO)= 

EC  AP . K ( HO ) - AC AP . K ( HO ) -USC AP . K ( NO  > 

AL- 

25 

NOTE 

NOTE 

ADEF 

ALLIED  DEFICIENCY 

NOTE 

AOIF 

ALLIED  DIFFERENCE  IN  CAPABILITY 

NOTE 

ADPCT 

ALLIED  PERCENTAGE  OF  DEFICIENCY 

NOTE 

ECAP 

ENEMY  CAPABILITY 

NOTE 

ACAP 

ALLIED  CAPABILITY 

NOTE 

USCAP 

US  CAPABILITY 

NOTE 

A AURGF.K=TABLE(EUCTiAURG.K/12i0> 10) 1)  AL-  24 

A AURG.K=URG£NCY(ADEF.K)  AL-  27 


NOTE 

NOTE 

AURCF 

ALLIED  URGENCY  FACTOR 

NOTE 

EUCT 

URCENCT  WEIGHTING  TABLE 

NOTE 

NOTE 

AURG 

ALLIED  URGENCY-TIME  TO  FIRST  DEFICIENCY 

A APTHR. K(MO) 
NOTE 

= (EINT . X-USINT . K) *ADEF . K (MO) 

NOTE 

APTHR 

ALLIED  PERCEIVED  THREAT 

NOTE 

EINT 

ENEMY  INTENT  TO  USE  FORCE 

NOTE 

ADEF 

ALLIED  DEFICIENCY 

A ADWSL.K(MO) 
NOTE 

=ADE$UF»APTHR.K (MO) /ACPUS 

NOTE 

ADMSL 

ALLIED  DESIRED  WEAPON  SYSTEMS  LEVEL 

NOTE 

ADESWF 

ALLIED  DESIRE  FOR  WEAPONS  FACTOR 

NOTE 

APTHR 

ALLIED  PERCEIVED  THREAT 

NOTE 

NOTE 

ACPUS 

ALLIED  CAPABILITY  PER  WEAPON  SYSTEM 

A 

AINT,K=TABHL(AUGTpAINTF.Kt-ltl).2' 

AL- 

30 

A 

AINTF . K=SMOOTH ( SUM (APTHR . X) / 1 Z0  r 3) 

AL- 

31 

N 

AINTFs.85 

AL- 

32 

T 

AWCT=0/0/0/.05/.10/.25M5/.85/.99/-.40/-l  .00 

AL- 

33 
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NOTE 

NOTE 

AINT 

ALLIED  INTENT  TO  USE  FORCE 

NOTE 

AINTF 

ALLIED  INTENT  FACTOR 

NOTE 

APTHR 

ALLIED  PERCEIVED  THREAT 

NOTE 

A ADPCT . K=TABLE ( APFT ,AINT.K,-1,1,.2) 

T APFT 

=-1.0/-.84/-.25/-.15/-.05/0/.05/.15/.25/.40/.45 

NOTE 

NOTE 

ADPCT 

ALLIED  PERCENTAGE  OF  DEFICIENCY 

NOTE 

AINT 

ALLIED  INTENT 

NOTE 

C ACQSUS=5.5E4 

A APPC . K=ACAPDP . K/ ACOSUS 

NOTE 

NOTE 

ACOSUS 

ALLIED  COST  PER  UEAPON  SYSTEM 

NOTE 

APPC 

ALLIED  PROJECTED  PRODUCTION  CAPACITY 

NOTE 

ACAPDP 

ALLIED  CAPACITT  FOR  DEFENSE  PRODUCTION 

NOTE 

FOR  I A1 = 

1.34 

L ftPLAN . K ( IA1 ) =APLAH . J ( I A1 1 +DT*  ( APACC . JK  ( I A l ) I 
R APftCC.KL (IA1 ) SHIN (ASOCV.K ( IA1 ) iAPPC.K) 

A ASDEV.K(IA1)=SUHV(ADHSL.K(#) ,lf36)*CLIP(l »0»T(IA1) ,12)/ 


» 

NOTE 

134-AURC.K) 

NOTE 

APLAN 

ALLIED  PLANNED  PRODUCTION 

NOTE 

APACC 

ALLIED  PRODUCTION  ACCELERATOR 

NOTE 

ASDEV 

ALLIED  SCHEDULE  DEVIATION 

NOTE 

APPC 

ALLIED  PROJECTED  PRODUCTION  CAPACITT 

NOTE 

ADUSL 

ALLIED  DESIRED  UEAPON  SYSTEMS  LEVEL 

NOTE 

AURG 

ALLIED  URGENCY— TIME  TO  FIRST  DEFICIENCY 

NOTE 

NOTE 

T 

TINE 

L FMSA.K (MO) = 
NOTE 

FMSA. J (MO) +DT* (FMSBR . JK (MO) ) 

NOTE 

FMSA 

FOREIGN  MILITARY  SALES  AGREEMENT 

NOTE 

NOTE 

FHS8R 

FOREIGN  MILITARY  SALES  BUT  RATE 

FOR  1 

IA2-37 ,12® 

L APLAN . K ( 1 A2 ) s APLAN . J ( I A2) +0T» ( ALRAD J . JK ( I A2 - 34 ) ) 

R ALRADJ.KLUA2-34)  =CLIP (NAWS. K ( IA2)  i8iADECP.KiADECB.KI 


NOTE 

NOTE 

APLAN 

ALLIED  PLANNED  PRODUCTION 

NOTE 

ALRADJ 

ALLIED  LONG-RANGE  ADJUSTMENT  RATE 

NOTE 

NAUS 

NUMBER  OF  ALLIED  UEAPON  STSTEMS 

NOTE 

ADECP 

ALLIED  DECISION  TO  PRODUCE 

NOTE 

AOECB 

ALLIED  DECISION  TO  BUT 

NOTE 

A AGEF.K=TABHL (ACFT , AACE.K/ 12,0, 10,1 ) 

T ACFT= 1/1/1/1/1/1.25/ 1.75/2.5/3.25/4. 15/4.0 


AL-  34 
AL-  35 


AL-  34 
AL-  37 


AL-  38 
AL-  39 
AL-  4? 


AL-  41 


AL-  42 
AL-  43 


AL-  44 
AL-  45 
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NOTE 

NOTE  ACEF  ACE  FACTOR 

NOTE  AACE  AVERAGE  ACE 

NOTE 

A 5TDF . K=TABHL  ( STDFT » APSUS . K . « . 1 » . J ) AL-  44 

T STDFT*2/1.75/l/.85/.45/.43/.3f/.23/.17/.12/.85  AL-  47 

NOTE 

NOTE  STDF  STANDARDIZATION  FACTOR 

NOTE  APSWS  ALLIED  PERCENTAGE  OF  STANDARDIZED  WEAPON  SYSTEMS 

NOTE 

A AQF.K(MQ)=TABHL(AQUALrT(M0)»AGEF.K/STDF.Kf8tl28il2l  AL-  48 

T AQUAL* 1 . 8/ . 98/ .99/ , 98/ . 95/ .85/ . 7/ . 55/ . 35/ . 25/ . 1 AL-  49 

NOTE 

NOTE  AQF  ALLIED  QUALITY  FACTOR 

NOTE  T TINE 

NOTE  ACEF  ACE  FACTOR 

NOTE  STDF  STANDARDIZATION  FACTOR 

NOTE 


A APSWS . K = AST  I NV . K/ ( AWSO . K+AWSN . K)  AL-  58 
N ASTINV=8  AL-  51 
L ASTINV.X'ASTINV. J+DTt(ASTR.JK)  AL-  52 
R ASTR . KL=FNSA . K ( 1 ) +SWI TCH 1 8 1 AWSDR . JK i COFAC . K ) AL-  53 
NOTE 


NOTE  APSWS  ALLIED  PERCENTAGE  OF  STANDARDIZED  WEAPON  SYSTEMS 

NOTE  AST  I MV  ALLIED  STANDARDIZED  INVENTORY 

NOTE  AWSO  ALLIED  WEAPON  SYSTEMS  OPERATIONAL 

NOE  AWSN  ALLIED  WEAPON  SYSTEMS  NON-OPERATIONAL  AL-  54 

NOTE  ASTR  ALLIED  STANDARDIZATION  TRANSFER  RATE 

NOTE  FMSA  FOREIGN  MILITARY  SALES  AGREEMENTS 

NOTE  AWSDR  ALLIED  WEAPON  SYSTEMS  DELIVERY  RATE 

NOTE  COFAC  COPRODUCTION  FACTOR 

NOTE 

A AC AP . K ( MO) 5 1 AWSO . K+AWSN. K+AWSP , K+SUMV I APLAN . K ( * ) t 1 » AL-  55 

I T(MO) ) >*ACPWS*AQF.K<MO) 

NOTE 

NOTE  ACAP  ALLIED  CAPABILITY 

NOTE  AWSO  ALLIED  WEAPON  SYSTEMS  OPERATIONAL 

NOTE  AWSN  ALLIED  WEAPON  SYSTEMS  NON-OPERATIONAL 

NOTE  AWSP  ALLIED  WEAPON  SYSTEMS  IN  PRODUCTION 

NOTE  APLAN  ALLIED  PLANNED  PRODUCTION 

NOTE  ACPWS  ALLIED  CAPABILITY  PER  WEAPON  SYSTEM 

NOTE  AQF  ALLIED  QUALITY  FACTOR 

NOTE 

A ARUCWS . K=RAADP . K»RE$CF . K AL-  54 

A RESCF .K=TA8XT iRSCFT>RAADP.K>8i 188t 18)  AL-  57 

T RESCFT=1. £4/ 1.E4/ 1888/458/ 488/288/288/ 148/ 88/48/ 18  AL-  58 

NOTE 

NOTE  ARUCWS  ALLIED  RESOURCE  UNIT  CONSTRAINT  PER  WEAPON  SYSTEM 
NOTE  RAADP  RESOURCES  ALLOWED  FOR  ALLIED  DEFENSE  PRODUCTION 
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NOTE  RESCF  RESOURCE  COST  FACTOR 

NOTE 

A ACAPDP . K =M I N ( ARUC MS . K i ACNP . K » APCNP  0 ) AL-  59 

NOTE 

NOTE  ACAPDP  ALLIES  CAPACITY  FOR  DEFENSE  PRODUCTION 

NOTE  ARUCUS  ALLIED  RESOURCE  UNIT  CONSTRAINT  PER  WEAPON  STSTEH 

NOTE  ACNP  ALLIED  GROSS  NATIONAL  PRODUCT 

NOTE  APGNPD  ALLIED  PERCENT  OF  CNP  TO  DEFENSE 

NOTE 


c 

APGNPD1. 003 

AL- 

60 

N 

ACNP-1E10 

AL- 

61 

L 

ACNP. K=ACNP,J+DT* (AGNPGR. JK) 

AL- 

62 

R 

AGNPGR . KL=AGNP . K+ACNPCF 

AL- 

63 

C 

AGNPGF=,002 

AL- 

64 

NOTE 

NOTE  APGNPD  ALLIED  PERCENT  OF  GNP  TO  DEFENSE 

NOTE  AGNP  ALLIED  GROSS  NATIONAL  PRODUCT (GNP) 

NOTE  AGNPGR  ALLIED  GNP  GROWTH  RATE 

NOTE  ACNPGF  ALLIED  GNP  GROWTH  FACTOR 

NOTE 
NOTE 

A COFAC.K--ACOPR.KHISCOPA.K  AL-  65 

A ACOPR . K=CL IP ( 1 » I > ACAPDP. K i ADECP .K ) AL-  66 

NOTE 

NOTE  COFAC  COPRODUCTION  FACTOR 

NOTE  ACOPR  ALLIED  COPRODUCTION  REQUEST 

NOTE  USCOPA  US  COPRODUCTION  AGREEMENT 

NOTE  ACAPDP  ALLIED  CAPACITT  FOR  DEFENSE  PRODUCTION 

NOTE  ADECP  ALLIED  DECISION  TO  PRODUCE 

NOTE 

A ACOAWS . K=SUH (ADWSL . K) +AC0SU3  AL-  67 

A ACOUWS . K=SUM ( APTHR . K) »ACBWS . K/ USCPWS . K AL-  68 

A ACQHWS . K=SUM ( NAWS . K ) *AC0$WS+SUM ( NUSWS . K ) ♦ ACBWS . K AL-  69 

NOTE 

NOTE  ACOAWS  ALLIED  COST  FOR  ALLIED  WEAPON  STSTEMS 

NOTE  ADWSL  ALLIED  DESIRED  WEAPON  STSTEMS  LEVEL 

NOTE  ACOSWS  ALLIED  COST  PER  WEAPON  STSTEM 

NOTE  ACOUWS  ALLIED  COST  FOR  US  WEAPON  STSTEMS 

NOTE  APTHR  ALLIED  PERCEIVED  THREAT 

NOTE  ACBWS  ALLIED  COST  TO  BUT  WEAPON  STSTEMS 

NOTE  USCPWS  US  CAPABILITT  PER  WEAPON  STSTEM 

NOTE  NAWS  NUMBER  OF  ALLIED  WEAPON  STSTEMS  PLANNED 

NOTE  NUSWS  NUMBER  OF  US  WEAPON  STSTEMS  PLANNED 

NOTE 

A ADECB.K=MIN( ACOUWS. KiACOMWS.K)  AL-  70 

A ADECP. K-SMOOTH (MIN (ADECB.Kr ACOAWS. K) i 1 ) AL-  71 

NOTE 

NOTE  ADECB  ALLIED  DECISION  TO  BUT 


NOTE  ACOUWS  ALLIED  COST  FOR  US  WEAPON  STSTEMS 
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NOTE  ACOHWS  ALLIED  COST  FOR  MIXED  WEAPON  SYSTEMS  INVENTORY 
NOTE  ADECP  ALLIED  DECISION  TO  PRODUCE 

NOTE  ACOAUS  ALLIED  COST  FOR  ALLIED  WEAPON  SYSTEMS 
NOTE 

A NAWS.KLMO)  =CLIP ( APTHR . K (MO) -USCPWS . K*COMP . K ' **0 ) f ADWSL . K ( MO)  * AL-  72 
l ADECP. K. ACOAUS. K) 

NOTE 

NOTE  NANS  NUMBER  OF  ALLIED  WEAPON  SYSTEMS  PLANNED 

NOTE  APTHR  ALLIED  PERCEIVED  THREAT 

NOTE  USCPWS  US  CAPABILITY  PER  WEAPON  SYSTEM 

NOTE  COMP  COMPUTED  TRADEOFF  FACTOR 

NOTE  ADWSL  ALLIED  DESIRED  WEAPON  SYSTEMS  LEVEL 

NOTE  ADECP  ALLIED  DECISION  TO  PRODUCE 

NOTE  ACOAWS  ALLIED  COST  FOR  ALLIED  WEAPON  SYSTEMS 

NOTE 

A NUSWS . K ( HO ) *CL I P ( ACPWS* COMP . K ( MO )» APTHR , K ( HO ) /USCPWS . K i AL-  73 

t ADECP. KfACOUWS.K) 

NOTE 

NOTE  NUSWS  NUMBER  OF  US  WEAPON  SYSTEMS  PLANNED 

NOTE  ACPWS  ALLIED  CAPABILITY  PER  WEAPON  SYSTEM 

NOTE  COMP  COMPUTED  TRADEOFF  FACTOR 

NOTE  APTHR  ALLIED  PERCEIVED  THREAT 

NOTE  USCPWS  US  CAPABILITY  PER  WEAPON  SYSTEM 

NOTE  ADECP  ALLIED  DECISION  TO  PRODUCE 

NOTE  ACOUWS  ALLIED  COST  FOR  US  WEAPON  SYSTEMS 

NOTE 

A COMP . K (MO)  = ( ACOSWS*APTHR . K ( NO ) - ACAPDP . K I ) / 1 USCPWS , K*ACOSWS  AL-  71 

l -ACPWSiACBWS.K) 

NOTE 

NOTE  COMP  COMPUTED  TRADEOFF  FACTOR 

NOTE  ACOSWS  ALLIED  COST  PER  WEAPON  SYSTEM 

NOTE  APTHR  ALLIED  PERCEIVED  THREAT 

NOTE  ACAPDP  ALLIED  CAPACITY  FOR  DEFENSE  PRODUCTION 
NOTE  USCPWS  US  CAPABILITY  PER  WEAPON  SYSTEM 

NOTE  ACPWS  ALLIED  CAPABILITY  PER  WEAPON  SYSTEM 

NOTE  ACBWS  ALLIED  COST  TO  BUY  WEAPON  SYSTEMS 

NOTE 

R FNSBR . KL ( NO ) =CL IP (NUSWS . K ( HO ) i U i ADECP . K i ADECB . K ) AL-  75 

NOTE 

NOTE  FMSBR  FOREIGN  MILITARY  SALES  BUY  RATE 

NOTE  NUSWS  NUMBER  OF  US  WEAPON  SYSTEMS  PLANNED 


NOTE  ADECP  ALLIED  DECISION  TO  PRODUCE 

NOTE  ADEC8  ALLIED  DECISION  TO  BUY 

NOTE 

N AACE;63  AL-  U 

N FLTAGE=AAGE*WSO  AL-  77 

L FLTACE.K=FLTAGE.J+DT«(AGER.  UK)  AL-  78 

R ACER . KL : AWSO . X + AWSN . K - AUSRR . JK» AAGE . K *D I STK  AL-  79 

C DISTK=2  AL-  88 
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MOTE 

MOTE 

AAGE 

AVERAGE  AGE  OF  ALLIED  WEAPONS 

MOTE 

FLTAGE 

COMBINED  AGE  OF  ALLIED  FLEET 

NOTE 

AUSO 

ALLIED  WEAPON  STSTEMS  OPERATIONAL 

MOTE 

ACER 

ALLIED  ACE  RATE 

NOTE 

AUSN 

ALLIED  WEAPON  STSTEMS  NON-OPERATIONAL 

MOTE 

AWSRR 

ALLIED  WEAPON  STSTEMS  RETIREMENT  RATE 

NOTE 

NOTE 

DISTK 

DISTRIBUTION  CONSTANT 

A AAGE.K:FLTAGE.K/(AWSO.K+AWSN.KI 
MOTE 


NOTE 

AAGE 

AVERAGE  AGE  OF  ALLIED  WEAPONS 

NOTE 

FLTAGE 

COMBINED  ACE  OF  ALLIED  FLEET 

NOTE 

AWSO 

ALLIED  WEAPON  STSTEMS  OPERATIONAL 

NOTE 

AWSN 

ALLIED  WEAPON  STSTEMS  NON-OPERATICNAL 

NOTE 

AL-  81 
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NOTE  *****  ENEMY  SECTOR  ***** 
m IE=1 » 120 


N EPLAN(IE)=0 

EN- 

1 

NOTE 

N EWSP-2? 

EN- 

2 

1 EUSP.K=EHSP. 

U+IDT) (EWSPR. JK-EWSDR.JK) 

EN- 

3 

R EWSDR , KL=0ELAT3 ( EWSPR . JK - EDELR . K) 

EN- 

4 

R EWSPR . KL=F$H IFT ( EPLAN . < ) 

EN- 

5 

NOTE 

NOTE  EPLAN 

ENEMY  PLANNED  PRODUCTION 

NOTE  EWSP 

ENEMY  WEAPON  SYSTEMS  PRODUCTION 

NOTE  EWSPR 

ENEMY  WEAPON  SYSTEMS  PRODUCTION  INPUT  RATE 

NOTE  EWSDR 

ENEMY  WEAPON  SYSTEMS  DELIVER!  RATE 

NOTE 

A EDELR. K=24/EURGF.K 

EN- 

b 

NOTE 

NOTE  EDELR 

ENEMY  PRODUCTION  DELAT  FACTOR 

NOTE  EURCF 

ENEMY  URGENC!  FACTOR 

NOTE 

N EWSO-  100 

EN- 

1 

f 

L EWSO.K=EWSO. J+IDT) (EWSDR . JK+EWSNR . JK-tWSUR . JK ) 

EN- 

3 

NOTE 

NOTE  EWSO 

ENEMY  WEAPON  SYSTEMS  OPERATIONAL 

NOTE  EWSDR 

ENEMY  WEAPON  SYSTEMS  DELIVER!  RATE 

NOTE  EWSNR 

ENEM!  WEAPON  STSTEMS  MAINTENANCE  RATE 

NOTE  EWSOR 

ENEMY  WEAPON  STSTEMS  USE  RATE 

NOTE 

N EWSN=!0 

EN- 

9 

L EWSN.K=EWSN. J+(DT)  ( EWSUR . JK-EWSMR . JK-EWSRR . .JK ) 

EN- 

10 

NOTE 

NOTE  EWSN 

ENEM!  WEAPON  STSTEMS  NON-OPERATIONAL 

NOTE  EWSUR 

ENEM!  WEAPON  STSTEMS  USE  RATE 

NOTE  EWSNR 

ENEM!  WEAPON  STSTEMS  MAINTENANCE  RATE 

NOTE  EWSRR 

ENEM!  WEAPON  STSTEMS  RETIREMENT  RATE 

NOTE 

R EWSUR. KL=EUPCT*EWSO.K 

EN- 

11 

NOTE 

NOTE  EUPCT 

ENEM!  PERCENTAGE  OF  WEAPON  STSTEMS  USED 

NOTE  EWSO 

ENEMY  WEAPON  SYSTEMS  OPERATIONAL 

NOTE 

R EWSNR , XL:ENPCT*EW$N . K 

EN- 

12 

NOTE 

NOTE  ENPCT 

ENEM!  PERCENTAGE  OF  WEAPONS  REPAIRED 

NOTE 

R EWSRR. KL=EWSN.K*.002/EURGR.N 

EN- 

13 

NOTE 

NOTE  EWSRR 

ENEMY  WEAPON  SYSTEMS  RETIREMENT  RATE 

NOTE  EURCF 

ENEMY  URCENCT  FACTOR 

NOTE  EWSN 

ENEMY  WEAPON  STSTEMS  NON-OPERATIONAL 
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R EPACC . KL=EURCF . K*SUHV ( EDEF , K ( * ) . 1 . 34 ) / ( ( 36-EURG . K I *ECAPWS)  EM-  14 

MOTE 

MOTE  EPACC  ENEMY  PRODUCTION  ACCELERATOR 

NOTE  EURCF  ENEMY  URGENCY  FACTOR 

NOTE  EDEF  ENEMY  DEFICIENCY 

NOTE  EURO  ENEMY  URGENCY-TINE  TO  FIRST  DEFICIENCY 

NOTE  ECAPWS  ENENY  CAPABILITY  PER  WEAPON  SYSTEM 

NOTE 


C ECAPWS=75  EN-  15 

NOTE  ECAPWS  ENENY  CAPABILITY  PER  WEAPON  SYSTEM 

C EDESUF =1.15  EN-  16 

NOTE  EDESUF  ENEMY  DESIRE  FOR  WEAPONS  FACTOR 

C EUPCT=.20  EN-  17 

NOTE  EUPCT  ENEMY  PERCENTAGE  OF  WEAPON  SYSTEMS  USED 

C EMPCT  = . 90  EN-  18 

NOTE  EMPCT  ENEMY  PERCENTAGE  OF  WEAPON  SYSTEMS  REPAIRED 

NOTE 

FOR  MO=bl20 

A EDEF .K(MO)=MAX (EDIF.K(MO) ti.i)  EN-  19 

NOTE 

NOTE  EDEF  ENEMY  DEFICIENCY 

NOTE  ED  IF  ENEMY  DIFFERENCE  IN  CAPABILITY 

NOTE 

A ED  IF . K ( MO) -USCAP . K (MO) +ACAP . K (MO) -ECAP . K (MO)  EN-  20 


NOTE 

NOTE  ED1F  ENEMY  DIFFERENCE  IN  CAPABILITY 

NOTE  USCAP  US  CAPABILITY 

NOTE  ACAP  ALLIED  CAPABILITY 

NOTE  ECAP  ENEMY  CAPABILITY 

NOTE 

A EURG. K=IJRGENC Y (EDEF.K)  EN-  21 

NOTE 

NOTE  EURG  ENEMY  URGENCY-TIME  TO  FIRST  DEFICIENCY 

NOTE  EDEF  ENEMY  DEFICIENCY 

NOTE 

T EWCT=2. 0/1. 75/ 1.35/ 1.15/ 1.05/1,  ,'.99/.  98/.  97/.  97/,  96  EN-  22 

A EURGF . K = TABLE  ( EWGT , EURG . K » « » 1 20 , 1 2 ) EN-  23 

NOTE 

NOTE  EURCF  ENEMY  URCENCY  FACTOR 

NOTE  EURG  ENEMY  URGENCY-TIME  TO  FIRST  DEFICIENCY 

NOTE 

NOTE 

A ECAP . K (MO) 5 ( EWSP . K+EUSO . K+EWSN .K+SUHV I EPLAN , K I * 1 1 EN-  24 

l 1,T I MO))) ♦ECAPWS 

NOTE 

NOTE  ECAP  ENEMY  CAPABILITY 

NOTE  EWSP  ENEMY  WEAPON  SYSTEMS  IN  PRODUCTION 

NOTE  EUSO  ENEMY  WEAPON  SYSTEMS  OPERATIONAL 

NOTE  EWSN  ENEMY  WEAPON  SYSTEMS  NQN-OPERATIONAL 
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NOTE  EPLAN  ENEMY  PLAN  FOR  WEAPON  SYSTEMS  PRODUCTION 

NOTE  T TINE  TABLE 

NOTE  ECAPWS  ENEMY  CAPABILITY  PER  WEAPON  SYSTEM 

NOTE 

A EINT.K*TABHliElNTT»$UN(EPTHR)/12#»-M».2> 

NOTE 

NOTE  EINT  ENEMY  INTENT 

NOTE  EPTHR  ENEMY  PERCEIVED  THREAT 

NOTE 

T EINTTM.  99/1. 7/1. 3/1. 15/1.  *5/1/1.  *5/1.15/1. 3/1. 7/1. 99 
A EINTF .K=SMOOTH (SUM (EPTHR)/12#»S) 

N EINTF=1 


NOTE 

NOTE 

EINTF 

ENEMT  INTENT  FACTOR 

NOTE 

EPTHR 

ENEMY  PERCEIVED  THREAT 

NOTE 

A EDWSL.KIMO) 

=EDESNF*EPTHR.K (HO) /ECAPWS 

NOTE 

NOTE 

EDUSL 

ENEMY  DESIRED  WEAPON  SYSTEMS  LEVEL 

NOTE 

EDESWF 

ENEMY  DESIRE  FOR  WEAPONS  FACTOR 

NOTE 

EPTHR 

ENEMY  PERCEIVED  THREAT 

NOTE 

ECAPWS 

ENEMY  CAPABILITY  PER  WEAPON  SYSTEM 

NOTE 

A EPTHR. KINO) 

= (USINT. K+AINT.K)*ED£F.K( MO) 

NOTE 

NOTE 

EPTHR 

ENEMY  PERCEIVED  THREAT 

NOTE 

USINT 

US  INTENT 

NOTE 

AINT 

ALLIED  INTENT 

NOTE 

EDEF 

ENEMY  DEFICIENCY 

FOR  ME=  I 

.34 

L EPLAN. K (ME) 

=EPLAN.J(ME)  + (DT> (EPACC.  JK) 

NOTE 

NOTE 

EPLAN 

ENEMY  PLAN  FOR  WEAPON  SYSTEMS  PRODUCTION 

NOTE 

EPACC 

ENEMY  PRODUCTION  ACCELERATOR 

NOTE 

FOR  MEE=37,120 

L EPLAN .K (MEE) =EPLAN . J (MEE ) +DT* (EADJ. JK (MEE-36) ) 
R EADJ.KL (MEE-36) =EOWSL.K (MEE) 

NOTE 

NOTE  EADJ  ENEMY  ADJUSTMENT  RATE 
NOTE 


EN-  25 


EN-  24 
EN-  27 
EN-  2S 


EN-  29 


EN-  30 


EN-  31 


EN-  32 
EN-  33 


/ 
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FORTRAN  SUBROUTINES 


NOTE 
NOTE 
NOTE 

X REAL  FUNCTION  URGENCY (ARRAT) 

COHHON  *(109) ,T( 120) >*1(196), *2(167) ,PRR1 (10) >*3(101  SUB-  1 

COMMON  CFK10), *4(30), TC2(10),PRR3(10), *5(10), CF3(10)  SUB-  2 

COMMON  16(30) >TC3(10) ,EPLAN(120) ,*7(684) ? AFLAN (120)  SUB-  3 

COMMON  FNSAI120), *8(6001, *9(601), WSPRR(10),T(20)  SUB-  4 

COMMON  CP4(10),Yl(10),SP4(10),TC4il0),*lZ(2>  SUB-  5 

DIMENSION  ARRAY (128)  SUB-  6 

NOTE 

NOTE  FUNCTION  URGENCT  FINDS  THE  FIRST  NONZERO  ENTRY  IN  THE  ARRAY 
NOTE  THIS  IS  USED  TO  FIND  THE  TIME  OF  THE  FIRST  DEFICIENCY 
NOTE 


DO  10  J=l,120 

SUB- 

IF (ARRAT (J) .E9.0.0)  GO  TO  10 

SUB- 

URGENCY= J 

SUB- 

RETURN 

SUB- 

10 

CONTINUE 

SUB- 

URGENCY  = 1 20 . 

SUB- 

RETURN 

SUB- 

END 

SUB- 

NOTE 

NOTE 

* 

REAL  FUNCTIONFSHIFT (ARRAY) 

COMMON  X (109)  ,T(120), *1  (196). *2(167!  .PRRK  10). *3(10) 

SU8- 

COHHON  CF1 (10) ,*4(30) ,TC2(10I .PRR3I10) i*5(10) ,CF3(10) 

SUB- 

COMMON  *6(30) » TC3 ( 1 0) , EPLAN (120) ,*7(6841 r APLAN (120) 

SU8- 

COMMON  FHSA1120), *8(600), *9(681), WSPRR<10) ,T(20) 

SUB- 

COMMON  CP4I10I , Y1 (10) ,SP4 (10) ,TC4(10) ,*12(2) 

SUP- 

DIMENSION  ARRAT (120) 

SUB- 

NOTE 

NOTE 

FUNCTION  FSHIFT  MOVES  EACH  VALUE  IN  THE  ARRAY  FORWARD  BY  ON 

NOTE 

THIS  IS  USED  WITH  THE  COMPUTED  PLANS  TO  INPUT  THE  PLANNED 

NOTE 

SALES  OR  PRODUCTION  AS  THE  TIME  OF  THE  EVENT  ARRIVES. 

NOTE 

DO  10  1=1,119 

SUB- 

10 

ARRAY (I)=ARRAT (1+1) 

SU8- 

ARRAY (1201=0.0 

SUB- 

FSHIFT =ARRAT ( 1 ) 

SUB- 

RETURN 

SUB- 

END 

SUB- 

7 

8 
9 
18 
11 
12 

13 

14 


15 

16 

17 

18 
19 
28 


21 

22 

23 

24 

25 

26 


NOTE 

NOTE 

I REAL  FUNCTION  DPR1 (A,8>C>TC>PRR>CF>TL) 

COMMON  1(1891  ,T(  128) » <1 1196)  , 12(167)  ,PRR1( 10)  > X3(  18) 
COMMON  CFK10)  ,*4(30)  >TC2(10)  iPRR3(18) » X5 < 18) » CF3 ( 18) 
COMMON  16  (38)  iTC3(10>  tEPLANI  128M7(684) » APLAN (120) 
COMMON  FHSAI120), 18(6801, *9(601), WSPRR(10),T(20) 


SUB-  27 
SUB-  28 
SUB-  29 
SUB-  30 


COMMON  CP4(10I.T1(1I).SP4(10I.TC4(IBM12(2) 
DIMENSION  TCU8I  fPRR(18)iCF(10)tTL(l20) 


SUB-  31 
SUB-  32 


NOTE 

NOTE  FUNCTION  DPR1  IS  DESIGNED  TO  COMPUTE  THE  LEAST  COST  TRADEOF 

NOTE  BETWEEN  LEVEL  OF  EFFORT  AND  SCHEDULE  DELATS. 

NOTE 


NTC=TC(1) 

SUB-  33 

00  10  1=2.10 

SUB-  34 

IF(TCd)  .GE.HTC)  GO  TO  10 

SUB-  35 

MTC=TC(I) 

SUB-  34 

DPRt--PRR(I) 

SUB-  37 

DCF (M) =CF ( I ) 

SUB-  38 

DTL(M) =TL ( I ) 

SUB-  39 

CONTINUE 

SUB-  40 

RETURN 

SUB-  41 

END 

SUB-  42 
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